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(57) ABSTRACT

A lighting control system for controlling lights of buildings
includes a computer server communicating with program-
mable master interfaces through an Ethernet communication
link. The server is programmed to establish control com-
mands responsive to environment status information. The
master interfaces communicate through a primary communi-
cation link with programmable input devices which include
input interfaces and smart switches, and with programmable
output devices. The output devices communicate with a mas-
ter interface through its primary communication link and also
communicate with programmable relay/dimmer devices
through a secondary communication link. The relay/dimmer
devices control building lights responsive to control com-
mands. The input interfaces communicate with a master inter-
face through its primary communication link and also com-
municate with ambient light/occupancy sensor devices
through a secondary communication link. The ambient light/
occupancy sensor devices monitor building zones and estab-
lish environment status information. The smart switches
include a touch screen LCD used by building occupants for
also establishing environment status information. The envi-
ronment status information and control commands are com-
municated through the interfaces for thereby controlling the
building lights. Each of the interfaces and devices are identi-
fied with a unique ID established and maintained by the
server. Each unique ID is linked to a virtual graphical repre-
sentation by the server and displayed on a monitor.

20 Claims, 25 Drawing Sheets

[l WHLCD TOUCH SCREEN
pliies 18 SHART SWITCH
WIHLCD
2] || — \55 WLCO TOUCHSCREEN
64 W
] guTswmos
20 [ T T
g ¢ TSR
1] WO TOLCH ScREEN
TOOTHERKPUTAND TooTERYe AD
UTPUTNTERFACES OUTRITNTERFACES
ANDSUARTSHITCHES ADSWRTSHTCRES 21

SWART SWITCH

92

WSTR ovr ||
nrrsmcz
WHLCD

TOUCHSCREEN

re

80

TOO'IHE}GNPUTAND 22
QUTPUT INTERFACES
AND SHART SWITCHES



US 9,173,267 B2

Page 2
(56) References Cited 6,608,453 B2 8/2003 Morgan et al.
6,807,516 B2  10/2004 Williams et al.
U.S. PATENT DOCUMENTS 6,813,525 B2 11/2004 Reid et al.

7,085,627 B2 8/2006 Bamberger et al.
4418333 A 11/1983 Schwarzbach et al. 7,253,566 B2 82007 Lyset al.
4,438,506 A 3/1984 Strom 7,307,542 B1  12/2007 Chandler et al.
4,716,344 A 12/1987 Newell et al. 7,333,903 B2 2/2008 Walters et al.
4,837,665 A 6/1989 Hoyer et al. 7,369,060 B2 5/2008 Veskovic et al.
5,059,871 A 10/1991 Pearlman et al. 7,429,982 B2 9/2008 You etal.
5,128,855 A 7/1992 Hilber et al. 7,566,137 B2 772009 Veskovic
5,209,560 A 5/1993 Taylor et al. 7,566,987 B2 7/2009 Black et al.
5,463,286 A 10/1995 D’Aleo et al. 8,214,061 B2* 7/2012 Westricketal. ................. 700/9
5,481,750 A 1/1996 Parise et al. 2002/0016639 Al 2/2002 Smith et al.
5,565,855 A 10/1996 Knibbe 2002/0175642 Al  11/2002 von Kannewurff et al.
5,726,644 A 3/1998 Jednacz et al. 2006/0161270 Al* 7/2006 Luskinetal. ........... 700/22
5,962,992 A 10/1999 Huang et al. 2006/0271204 Al* 11/2006 Hesse et al.
6,118,230 A 9/2000 Fleischmann 2008/0092075 Al 4/2008 Jacob et al.
6,175,201 Bl 1/2001 Sid
6,459,938 Bl  10/2002 TIto et al. * cited by examiner



US 9,173,267 B2

Sheet 1 of 25

Oct. 27, 2015

U.S. Patent

(b1 S1 T3NYd
LNdNI 43 HOSNAS XY dAL) HOSNIS NOLLOW KO3
0L 13N INdNI FHL KO¥4 SAOHQ 3L¥ivdas

(1YY HOIHd)

| "B14

HOSN3S HOSN3S HOSNZS

NOILOW NOLLOW NOLLOW

d0SN3s JOSN3S OSN35
NOILOW NOLLOW NOLLOW TS
LHoNn

0
TaNvd
1ndM V11910
TNV AR
HOLIMS

HOSN3S
LHON
]

TaNVd AVIY

HILIMS

(T3NVd AVRY
¥3d XYW 2 dAL)
SYOSN3S LHON oL
TANYd AV 134 O
SdOHQ L4V

Y37104INOO
ONFQYH

'SI00N TdILINA S INNOD $31A30 308 “3LON
(£2) = 300N XYW dAL) S30IA30 ¥3HLO 0L




US 9,173,267 B2

Sheet 2 of 25

Oct. 27, 2015

(LYY HOIdd)
Z b4

U.S. Patent

HOSNAS HOSN3S HOSNAS
NOLLOW NOLLOW NOLLOW RENT
10613 OSN3 Y dAL) YOSNAS NOLLOW HDY3
OL73NYd 10dN| 3HL W04 S040 LS
HOONSS HOSNAS HOSNAS
NOLLOW NOLLOW NOLLOW
SIHONV NOLLYIINTAIO)
1ndIN0 ONY LGN T3S
TaNYd MITIONING)
1naNI w1910 NI OVH
HOLMS  HOLMS  HOLWS | HOLWS  HoLws HOLIMS == o ELLL v AT




U.S. Patent Oct. 27, 2015 Sheet 3 of 25 US 9,173,267 B2

F
£
F
F
F
F

N
F
E

ﬁl
5

Zais| |Zmcs| | Zoms

- b

5 |3ms| |pwS| (Bt 3w
5z§é-3§5c§5-:§5c-§%“5c-381%
5% (5 jox) o o o) 5w
Zrms S| |Zoms| || (Bows| |Zows| |zows| |Zomd

F
F
F
F

;
3
¥
B
E

3
ﬁ\l
c(ﬁ\l
o OENFCTQN OEN LB
C(al

F
F
F

3
2l
»
3
A

F
F
F
F

HELEEE
3
3
3
»
52

;
3
o

Fig 3.
(Prior Art)

guch| |5wb| |Bwch| |Zwb| \Zech| |wb) (Bl |EomS
gk |owh| zmb |mb (Bech) \Zech| \Bowb) B
gud| 3wk |Bwd |kl |Bmb| \Zwb) (Zombl \ZomS
gl (bl 3w |zowb| |somS| |z |sowb) |z
| |Buc| |gwch| |Zmch| |Zmch| |Zecf| |Zmcf| |Zec

F
F
F
.
F

3
’
3
3
3
5.
3
7]

F
.
F
.
F
F
F
F

53
L8
LA
LA
24
24
2.4
54

F
F
F
F
F
F
F

35
B
81
= EE
LA
58
38
g8




US 9,173,267 B2

Sheet 4 of 25

Oct. 27, 2015

U.S. Patent

(1YV HOI4d)
'y B14

H3TIOHLINOD
aN3 dv3H 3HL >
Ol AvOINMOd

HITIOHLNOD
aN3 dV3IH 3HL <
NOY4 avoldn

HITIOHULNOD
aN3 av3H

HITIOHLNOD ONILHOIT AN3 av3H
JHL OL AVAO0dd 3IH1L AYOTINMOA
ANV dvO1dn Ol d3sn ¥31NdN0D




US 9,173,267 B2

Sheet 5 of 25

Oct. 27, 2015

U.S. Patent

tee=meeseee
BEER8888888

(1¥V HOI¥d)
G b4

H3T10H1INOD
aN3 dv3aH 3HL
WOY¥4 avoidn

H3TI0HLINOD
aN3 dv3H 3HL
O1 AvOINMOa

HITIOHLNOD ONILHOIT AN3 av3H
JHL Ol AVY90dd 3H1 AVOTINMOAa
ANV avO1dn OL d3sn 431NdNOD

HITIOHLINOD
aN3 avaH

WN3LSAS
ONILHOIT IHL
40 TOHLINOD

(D13 ‘S13NVd
AV13Y ‘STHOLIMS)
S3DIAIA NILSAS




US 9,173,267 B2

Sheet 6 of 25

Oct. 27, 2015

U.S. Patent

STHOLIMS LYYINS ONY LZ  SIHOLIMS LV ONY STHOLIMG LIS ONY
SIOVAHINI 1NdIN0 avesion M o en SIOVNILNI 1NdLNO SOVHAINI 1nd1NO
77 ONY LN H3HL0 01 e/ \ uzan ONY Ll 310 L O L1 1001
NIZIS HONOL G UM mr
A NATHOSHONOL HOLIMS LYYW
CON MO | DM s N3OS HONOL BT 5 0z
, ron [T F
oy S | 0 . u N ol s B/
Q0N $3ARIO L i
S | 89 N—— NI3SHINOL ey
i s B o Nl = ol
Q0N YINNIG o
40 AVTIH l|lm [ NIZOS HONOL BT 5 r\ 1N
A HOLIMS LS -|
NZOSHONCL NEOSHONCL NAHOSHONOL
MM | aall| I WM |
8 VAN | A . v | 8l eI
f\ 1ndIng @ @_ n_ 1dino F\ 104100
NAZOSHONOL NIISHONOL NAROSHONOL
QTHIM 00THUM COTHIN
o | 3V RN PYWELLEIL | 30v N
M o AA| 3 o Y
SEHREEE 2izimimi=izimm=] ge
26\ AHE - ad pl
se——TF | oo
c6 W (A¥aNOD39) M3NYRS
CANOD SNIKST /
T
%7 N e
oV Ye— Zl




U.S. Patent Oct. 27, 2015 Sheet 7 of 25 US 9,173,267 B2




US 9,173,267 B2

Sheet 8 of 25

Oct. 27, 2015

U.S. Patent

NOILVHNOIINOD
HINWIA

NOILVHNOIINOD
NOLLN8-Z

o

©

893NN
ACELN

95 3NN
wELD

av 3NN
vy 3N
8¢ 3N
VE AN
82 INN
Y2 3NIT

gl 3NN
YL 3NN

or—~_
l\ ez an

YZ 3NN

8L 3NN
viI 3NN

~——0¢

v

\ ©

:14

\ ©

8¢

NOILVYHNDIINOD NOILVHNDIANOD
NOLLNG-V NOLLNG-S
) -
& ann » 85 3INIT
¥ INF / vean
\J//
vE INM / OM” WM wz_“ 1
= NI /
s L el
e “\ P eanll |
2 // \ 2
8z

0] ecann |
AN

NOLLVYNOIINOD
NOLLNng-€

©

ae 3N |
vE SN

-1
82 aNn
V23NN

€ 3NN
Yi3aNT N

/A A\

e

0€

\ov
——8¢

~——0¢

NOLLVINOIINOD
NOLLng-9

g "bi4

©

893N
V9 3N

€5 3N
VS 3NIT \
ay 3NN

Vo 3NIT

EI
CE
/ H  veawn
@ ann
V13NN

o

8¢




US 9,173,267 B2

Sheet 9 of 25

Oct. 27, 2015

U.S. Patent

JOVAIIIN H3LSYIN HLHO B SN GBS dOMCHITOR J0VAHIINI H3LSYW 3HL 40

STVAAN INAINGIINGN = STOVRIN LNINOILNNI

STHOLIMG LYYHS ¥3HLO 0L STHOLIMS LHVHS H3HLO OL
A4

HOLYOINANOD ONY ¥ITIOULNOD HOLIMS LuviS

WLIM0) |
N _

¥INEONVAL
, 8y

(
|

Y3TI0HIND

OHOIN

YOLIINNOD

HOLINON
\ JOVIT0A

/

\ vE
0z

Y3TIOHLNOO N3THDS HONOL ONY AV1dSIa 401

440 1V

A)wm

MO’

WNId3IN \\

NO 11V

d

¥3TIONINGO
NIRUOSHONOL 8¢

it

HOLOINNGD

43N0
AY1dS10 601

/\om



US 9,173,267 B2

Sheet 10 of 25

Oct. 27, 2015

U.S. Patent

OVAH3INI HLSH 3HL 4O 3OVHU3LNI A1SY FHL 4O
YNITHAQ) SBIrSH dOMCHLION :
'SIVREIN LNINONN <= * > SIOvHUIN INGINO/INGN
'SIHOLIMG LYWS ¥3HL0 0L 'SIHOLIMS LYV Y3HLO OL
09
HOSNS LHOTT INSIGAY ONY HOSNS AONYAN000 NOLLYNIEHO)
\ . \_ HOLJINNOD _
8S
123 B
¥INTONYAL \
\ e :
AN
g Wi
MITIOHING)
\../\ y OHOI 1_’
AALINOYD
vS MOSNIS NOLLOW
YOLINON
\. , VLT0A /
v \ /

‘0l bi4

99

¥4



US 9,173,267 B2

Sheet 11 of 25

Oct. 27, 2015

U.S. Patent

8L

14

N

29

>\\8
(19)

(¥4

‘N35900
QNY LHON

N8N ‘ el _‘@_H_

09

_

NABUISHONOL] o0e
QOTHLM] 0 p9—_ Na0sHIOL
VRN 00x | COTHUM
Inding—= @ 89 AL !
10N
@ S @ e 9
\n/\N.v \/I\N.v
NAHOSHONOL NOSHONOL
™ 0OTHLM — W1HLM
x| THREN ki | JOVRAN
A B3I Ml i @
) Z
o0 [ss]an]

(AMVYWIYC) ¥3AY3S

JTOHLNOD ONILHOIT




US 9,173,267 B2

Sheet 12 of 25

Oct. 27, 2015

U.S. Patent

'ql | bi

"'ONIDDOT HOL4 HIAYIS THL
01 MOVE IN3S SI ¥OHYH3 1VHL ANV AV1dSId a1 S.30V4H3LNI
1Nd1NO 3HL NO Q3AV1dSIA SI 3DVSSIN HOHHT IHL NIHL
39VSSIN ONINWYIINOD V HLIM ANOJS3H LON QId AVI3H V 4l 68 d31S
"AV13Y S1I NO
SN¥NL NIHL ANV LONVAIWOD NO. FHL STAITOIH AV 3HL 89 431S
(S)AV13Y FHL OL NO ANVIWINOD LVYHL OHVYMYOS aNY
«NOILIANOD 3LV1S. IHL YOI (S)IDV4HIALNI Sm@o mmﬁ 29 d31S
(S)AV1IY
3H1 TOYLNOD 1VHL1 (S)30V443LINI LNd1NO JHL OL NO
ANVINWOO 3HL SAHYMYOAH (S)IOVAHILNI HALSVYIN IHL 98 d3LS
(S)AVI3Y JHL 40 TOHLINOD NI SI LYHL (S)IOV4HILNI
1NdLNO FHL 40 10HELNOD NI SI LVYHL (S)ADVAILNI
H3LSVYA 3HL OL ¥HOLM3N LANYIHLT IHL
HONOYHL LNO MOVE LN3S SI ASNOJSIY 1VHL 68 431S
(NO Q3NHNL 38 OL L1 AVIIH 1VHM T'1)
1S3ND3Y IHL WOHH AHYSSIADIN SI AISNOLSIY
1VHM Y04 3Svav.iva S SIHIND YIAYIS IHL :#9 431S
MHOMLIN LINYIHLT FHL HONOHHL
¥3IAYIAS FHL OL NO LSINDIY IHL SAYYMHOA
ISIMIMIT ANY IOVAH3LNI LNANI IHL WO¥AS
1S3ND3Y IHL SAAIFDIY ADV4HTLNI ¥ILSVYIN FHL €8 4318
“H3LINI ¥ILSVYA S11 OL 1S3INDIH IHL SAHYMHOS
ANV LNOILIANOD 31V1S. IHL SAH0D3IY
JOVSSIN FHL STAITDTY 3OVAHILINI LNdNI FHL :29 4318
"(Y3AY3S IHL WOHH A3AVS SVYH LI 3NTvA
Vv NO a3sva) HaWIL AV13A V S1HV1S
11 A1IVYNOILIaay "30V4H3LNI LNdNI
ONITTOHLNOD S11 OL ANYWWOD «NO.
SLHOITY SAN3S LI A13LVIA3IWNI
VY3IYVY ONIMIIA S1I NI NOILOW
S3ZINDO0D3H YOSNIS NOILOW IHL 19 d3LS

VIHV ONIM3IA SLI NI NOILOW
SIZINDODOIH YOSNIS 000 - ¢# X3

"ONID90T HO4 ¥3A43S IHL OL

MOVE LN3S Sl HOHH3 LVvHL ANV

AVdSIA 371 S1I NO d3Avidsia

S| IOVSSIN HOHHT IHL NIHL

JOV4HILINI 1NdNI 3HL Ol MOvd

JOVSSIN ONINYIINOD V HLIM
ONOdS3 1ON aIQ YOSNIS V 4l LV 4318

‘JAVA SYM

JONVHO JHL 1VH1 3DVIY3LNI

1NdNI ONITTOHLNOD 3HL Ol MOve

SANOdST .NIHL ANV 3AILL Av13d
S11 S31vQadN YOSN3S HOV3 9V d31S

40 TOY1INOD NI SI LI

1VHL SHYOSN3S 300 319vOilddv

JHL 40 77V OL 3ONVHO 3HL
SAQYVYMYOL 3DVIHILNI LNdNI JHL 6V 4318

'JOVA4Y3LINI LNdNI 31VIIdO¥ddY

3HL Ol SIONVHO IHL

SAHYVYMHOL ANV SIONVHI IHL

SIAIFOTL YILSVIN JHL bV d31S
"dONVYHO

39 Ol S1 INIL AVI13A IHL
HOIHM 404 YOSN3S 020

3HL 40 T0HLNOD NI Si
1VHL 30VIH3LNI H3L1SVYW

JH1 OL LN3S SI NOISIATY £V d31S
"H3AHIS THL 1V

Q31vadn S1 3gvav.iva v 4318
. (H3INYES

3H1 OLNI g3LONW3Y

S| LYHL ¥31NdWOD

H3IHLONV HO) ¥IAMIS

TOHLNOD ONILHON

3JHL LV 3NIL AV13A
M3N V SHILN3 ¥3SN ‘LY 431S

JNIL AV13a
SHOSNIS 300 JONVHO - L# X3



US 9,173,267 B2

Sheet 13 of 25

Oct. 27, 2015

U.S. Patent

YNITIAOD ANNONOD3S 09
SHOSNES O _ ..gxzo%gg \\ > SHOSNZS LHOM
LN/ AONVGN300 0L INFIBHY AONYN300 0L
A O_ - 30734310 LHOT INBGHYAONYAN000) LN
HOLOINOD
e
——~~_ -89
¥3TIONING) /1
xg_wuwz% NIS HONOL
P
\/\ NV NI40S HONOL
v
¥ATIOHINGD
-, W3TIONINOD QNY I
)
99
MANZOSNVAL HOLNON
) o8rSy J9VIT0A
vv\/\ /(\/
o
HOLI3N)
v
SIHOLIMS L4V 40 S30VH3N \\\ SIHOLIMG LYV 80 STOVAIN
11d1n0 H0 LGN ¥3HLO 143 1010 4O 1NN/ ¥3H10
“TOVMIN M3LSYA JHL 0L <€ T T > SOl
<y dDSCHLTN



US 9,173,267 B2

Sheet 14 of 25

Oct. 27, 2015

U.S. Patent

04

09

v.

‘¢l B4

8

09

100
3009 SS3HA0Y

L 31NAOK
YINNOH0 AYTY

500
3000 SSFuaav

S 31N0ON
YINNIC HO AYTY

£00
3000 SSHaav

£ 31NCON
4INNIOHO AVIRY

100
3000 SSFuaav

H 31NAON
H3INNIT HO AV1IY

@0 Of||e0 0|l oo o

°.

N3FHOSHONOL
an

(dAL)
YOLVIIONI
a3l

JVAIINAYIR INALNO 22

e

2
L\

(IvOIdAL)

Y3TTIOHLNODOHIIN

T4

e

(IVOIdAL) YIWWIQ/AVISYH ONY
IDV4HILNI LNd1NO JHL NI3IML3E
NOLLYDIJILN3Al sS3adaay

ONV ‘NOILVIINNWWOD
‘NOILVDIANI “Y3IMOd HOd

HOLO3INNOD NId-6

"7

(dAL) TYNINYIL

¢¢ 3ovin

wZO_.rOWZZ\OQ ._<O_n_>b

N

QO OO O|ICO O|||O O

nﬁwzj

800
3000 $S340Q¥

8 31NAON
YNNI HO AVIRY

900
3009 Ss340Qv

9 31NAON
YININID 40 AVTRY

0
3000 SS3aav

7% 31NAON
$INNIH0 AN

o0
3000 SS34aav

3100

(IvoIdAD)

VY wanzosnwvuL ser-su

YINNOHO A1



US 9,173,267 B2

Sheet 15 of 25

Oct. 27, 2015

U.S. Patent

‘Y71 D14

) a1

L193NNOD

JVREIN TR IndLN0
== / Y% (04408 LIN9MI0 3HL NO G3UNRAINI YN HOO SB-5Y AMYONODS =
=5 / 7 =

ETER N x
$rsy ‘ ¥ATIONINGD
— NT3406 HoNoL
S5 ONY N340 HONOL =
25
S SOLNOR WATIONLNOD
V1100 OHON 9/
/\ \
f ¥ITIOHINOD ONY
AVIdSI0 091
s ov S
=i NI =
= oSy
J{ cl
_m by
== WO | =
= =
e
SV oM s K0S
SIHOLIMS LEYHS 4O STOVAINI j
_ YINITAINGD AV JOVSIINIH3LSYW JHL OL
VRN MALSYW IHL OL A0 R

40L03NNOD

d0IT3NNOY

4OLFNOD




US 9,173,267 B2

Sheet 16 of 25

Oct. 27, 2015

U.S. Patent

J0VAHIINI H3LSYW HL HO

STOVRANLINANOLN <
STHOLIMS LYYNS ¥3HI00L Nv/l\

o]
Gl b

o HOLOINOD
om/\ 9P AL

HIROINWL

FOVAIIINI Y3LSYN FHLHO
AN N0 ASYAINA 681SY JONCHLINW > 'SIVRRIN 1NdLNO/LNGN
‘SIHOLIMS LHYAS ¥FHLO OL
e JOVSIAINIHILSYI
HOLOINNOD
— 6
JOLINON HINISNVIL
EQLTL) sirsd ETOUN
N3340S HONOL
ONV NIHIS HONOL
HITIONINGD
wl\\ OHIIN
Y3TIOULNOD ONY
MdSIaaN
00|
H3TI04INOD
L 0¥
w/\ 88

oY

JRIOMU3N LINY3HL3 SONIQING 3HL 0L
NOILOINNOD 13N43HL3 C31v0Ia3a

142



US 9,173,267 B2

Sheet 17 of 25

Oct. 27, 2015

U.S. Patent

09 @EH HOY4
9 WHO<87SY
TG ——-
7 QUIIN
e YINFOSNVEL
I WNOJ-487-5Y
L4 14} N\

\

2\

yv

YN

09 //m.osm\oﬁog
OV 1IN0 vl |
TGy
R T —
AT
L "' "

w 9] b4

z
9l a N
N.M 8l
STVRAN
1NdIN0 Ol v L > g
IndNI¥3HLO 0L ) 1ndNI¥3HL0 01
NN(
¢
\4
oo DS | e B> shum
e B LISNAEHIO 0L
~_ TR <—4 b
74 40553004 Z
4 4 14
\ SRR LZ
) Y00 (ETETE
Y <
o ) P s
Z8 Z Q



US 9,173,267 B2

Sheet 18 of 25

Oct. 27, 2015

U.S. Patent

N
1INHILHI FHL WA 5>xmw HLOL &w_%m JINY31H3, SLINISF LYHL
Y1¥Q ONIOILNO 3HL SANIS 124 HOSSII0N) H0SS3I0Ud LINY3HIT HL

ATONICH00Y 430NA3 S1 ¥344ng
HL 40 D NIYVL F0¥ SWILI NI ¥334n8 3HL SY '30IA30 LYHL 0

Y3419 LINS3HLI, JHL OLNI G30OTS1 LYHL NVHL(NIANES
FHLOLCO OL SOFIN LVHE O mo%moomm LINH3HLI 3HE ¥O04
NOLLVIVHONI SVH (24 40SS300¥d! H0SS300¥ H3LSWH 3HL o)

(0305YMYO0S St LYHL NVHL 30vRA3INI Sn%o 30 LNdNINY OL ONVAACD ¥
111 3104308 SLI OLNINOISTONI §08S300%d LINY3HLI 3HL OL

NO Q3SSYd Sf LvHL NVHL ¥3A3S 3H1 0L 30IA30 VKON LSIND3Y v §)
WAL N7 H344n8Y 41 “INN >m 3N SHL wmom 1434409 LS, HL
ONISS3)0Ud SLHVLS MON 12 HOSS3004d) H0SSII0Hd LSV 3HL

AR E

33318 43LSYW, IHLOL 0300V 3V SLSIND3Y IS0HL NIHL

« 433408 13NY3HL3, 3HL OLN G30Y07 3UY SONYWNOD
ISHL HIAY3S ._oE%o ONLLHIN mxﬁ NOY3 SONYAINOD HO4 HNI
ANTH3HL3 3HL STIO0 {14 H0SSI00kd 1 40SSIO0Ud L1INGILHI 3HL

(1# YOSS300Yd) HOSSID0Hd L1INYIHLI 3HL 40
AYHOVIOQ MO NOILYIINNWNOD

o $183N0F 3V 343HL 4“1 01 G3LIINNOJ Y &E S30v3

MIESWEIEE_ _~$=. maﬁzzonw >z<~_c:§owmm8§
L1INY3HET 3L STIOd N3H2 {24 HOSSI00Ud) YOSSII0U HILSYA 3L

dNLIS NF38 LON AVH I¥HL $301A30 INIESIND3 JHL WOHd
S183N03Y d L3S HLIM 030Y01 S1 434418 3HL 'dNL3S GI3N LYHL
S301A30 404 033N mwumoﬁ L 81 SIHL ‘99 953400 1¥ $30IA30
804 %03HO ¥ $300 N3HL (24 HOSSI004d) H0SSII0d H3LSYA IHL

'§301A30 G3LIINNOD 3HL WOH4 SLSINDIY HLIM H344n8
Y3LOVI, 3HL STYOTNY u._md._ JINQ om_.omzzoo SLINOY $30IA30
(3103NNOO 3HL 40 TIV STI0d {24 HOSSII0d) H0SS 300U HILSYIN IHL

(z# YOSSIO0Ud) OSSIO0U HIALSYN IHL 40
WYHOVIQ MO NOLLYDINNWWOD



US 9,173,267 B2

Sheet 19 of 25

Oct. 27, 2015

U.S. Patent

Jgvo
S1vD QHVANVLS

>>33883 3

40 WOIdAL - (318vD) YN
30IA3Q 01 ADVAHILNI

OVAMIINIHOVS 09 8l @_H_

[EJINIRIS HONOL QUM
HOLIMS LYVINS
I
31avo [E5IN3HIS HONOL QDU
G1¥D AY¥VANVYLS HOLIMS LHVIS
A
NI3HIS HONOL GOTM
HOLIMS LYYWS
N3FHISHINOL
WNHUIN| == SE 4
VRN = 3]
L0ging—= o
W
8l GE
pa
QJTHUM m
E JOVHHAINI -
A4h [lg 3
m




US 9,173,267 B2

Sheet 20 of 25

Oct. 27, 2015

U.S. Patent

6l "b14

HILSYW HL 01 ¥Ovd INIS 3

OL ONVANOJ ¥ 41v43N39 GNY H3448
SLI HONOHL NS TIIM LI¥3LSYN K1
404 Y1¥0 SYH 20¥243INI 1NNl 3HL

! xwmzm S11 0L 4ILSYW ML KO
.sm% i [VHL O0Y ONY SIN3AS 40
JONZNDSS INIUEND SLI 40 Ldndd3INI
NY 3NSSI TIM 3OVAE3LN LI
ZHLN3HL YNITAWOO AUVIId 3HL
NO 3OV LN HILSYI 3HL KOY4
§3H00 15303V 41 0V443LNI
0N 3HL HLIM NOLLYIINDAINOD TV
S3IVILINFH0SSFI0Ud HILSVH HL

30V4431NI LNdNI 3HL 40

WVHOVIA MOT4d NOILYOINNNINOD _

JVREN

YILSVIN 3HL A Q3LS3N0TY LXIN SI LI N3HM 3OVRHILNI 43 LSV
3H10L IN3S 38 01 43338 3H1 0L 4300V $1 02NI SIHLN3HL LHINNI
35V24030 40 3SYIYONI NV SIINORY M_omxm mx_vwmz_zmwmo
41 4173A37 LHON TVNLOY 3HL ONY UUNIOd 135) 13037 JHON
(31530 3HL KON HOHRS % JHL STVINOTY Ll LYHL F43H S1 LI
"30IA30 HOY Q& T3A31 LHOI LNHNO 3L S139 L1 SSI00Md
SNITIOd 3HL INMNG OHLNOT SLI H3ONN J4Y SHOSN3S 1HIN
ANZ(ENY ANV MOH 318V1 NOLLIINNOJ SLI W04 SMONM
JOVRILNI LN 3HL -3 1dWVX3 N SY “GINF034 V10 HL

NO SNOILYINOTYO W07 SLI 300 I0VAU3LNI LNdNI HL

N3HL G3NOILISOdOYd ¥ S31A3Q 3HL 40 TV A3 LY

HILYT ONISS3I0td 404

434319 3HL 01 4300V ANV zézwﬁz_ J3LvV53N30 8| ..ﬁw%oux

¥ NZHL INO O3NIL SYH 11 4t (STLANIN N3L A¥3A3 ‘311 LYY
(ININY3L30344 ¥ 1¥ T3A37 LHOIM 3HL ¥OFHO 0L Q38N SI ¥3NIL IHL
YINIL TVNY3LNE NV 40 SNLYLS 3HL SYOHO 0VALNI L0aNI FHL

Y31V ONISSII0Nd H04

43440851101 0300V S1 1S3N03Y JYHL N3HL «dILS, 38
01 S033N 0N30Y 41 .dNL3S. 38 01 033N S0

ANY 41338 0L SXO3HD NFHL F0VR3IM LNdNI 3HL

.NOLLOW ON-440 SLHOI 34!

,_za.o%juxgéém_ 1SN0 Y NHL 1IN0 03N
SVH Y3NLL JHL 31 T30V4M3UNI LN IHL 40 dnL3S ININDISENS
40 TYLLNI 3HL ONHNQ 4350 JHL WOHS ¥31T4v3 GaNIVLO

SYM 3L AY130 341 ) NOLLOM N33S 3AYH 104INOD SLI ¥3aNN
S30IA30 3HL 40 ANY JONIS G355Vl SYH LYHL FAIL 40 INNOWY
JHL INIWY3130 0L 350 STH3INIL FHL HINLL TINSINI NY SLEVLS
IOVH3LN) LGN| 3HL NFHL NOLLOW G3A3I03M 3AVH AZHL LYHL
3L¥DINNINKOD SHOSN3S NOLLOW FHL 30 THONHO N0

"NOLLYWEONI LYHL ONILS3NO3 YNIT QD AYYAIMd JHLNO Q3LvyaN30 €|
LaNH3LNI NY TLINN 434308 3HL NI NIVASS 30Y3LNI H3LSYW 3HL

0109 0L 35 LYH1 434418 SLI NI 34 LYHL SHILI “¥NITWNOD

AYYONOI3S SLINO 30IA30 G3LINNOI HOVS HLIM Q3LID0SSY

S1 LYHL Y3448 SL1 SCYOINA 30¥4Y3INI LI JHL INIOd SIHL LY

§. mwwzmw ._.Io_._
LNAGAVIAINYANIIO0 NO GISNIS NOILOW ‘1) ¥334na SLI
OLNI 1S3ND3Y LYHL SGYOT LI N3HL LSIND3Y ¥ SYH
30IA30 Y 31 NI NKOJ AYYONOJ3S SLINO §30IA30

(3LI3NNOD 3HL TV ST10d 30¥A43LNI LNdNI 3HL

)




US 9,173,267 B2

Sheet 21 of 25

Oct. 27, 2015

U.S. Patent

0¢ 'bi-

‘NOILYISOIN! LYHL ONILSINO
NI NHOD AdVIINd 3HL NO Q3LVH3ND S LANKYILNI NY TLINN 433408 3HL
NI NIVIV3Y 30V3 NI ¥3LSYI 3H1 01 09 OL 4V LYHL 4343n8 SLINI 1Y
LVHL SWALHNIT KOO AYYNOO3S SLINO 31A30 GILOINNOD HOVF 40
104INOJ 404 34418 SLI SAVOINN J0¥AMIINI LNALNO JHL INIOd SIHL LY

3LV 3HL 0L XOVE IN3S 38

0L ONYWIOD Y JLYH3NIO ONY 433408 SAI HONOYHL NS TIIM LI
Y315V 3H1 404 ¥L¥0 SYH 30V4H3INI LNALNO 3K 4| Y3448 SLI OL
YILSVIV HL NOY 1531034 LYHL AGY ONY SIN3AT 40 ININD3S
IN3YENQ S11 40 LNUHIINI NV 3NSSI TIIM 30VA3LNI INdLN0
3HLNIHL NI KOO AUVIIMd 3HLNO 3OVAU3LNI LSV

FHLNOY4 S3N0J LSINOIYY i JOVAIIINI LNNI JHL HLIM
NOLLYOINWNOD TTY SILVLLINI HOSS 300k 3LV 3HL

A

N WUJ_%;__ Y3LSYA 3HL OL IN3S 38 0L 318vL ¥344n8 3HL OL
(300Y 11013 NOILYIOT 3dAL I1) NOILOINNOD MIN ¢<E 1nogy
NOLLYWYO4NI JHL N3HL G300 SyM (HINID 4O A1) 30IA30V )

(3UVMAM MIN STFIN ¥ AVI3Y 31) H3L¥TONISSTI0Nd

404 434408 SL1 OLNI 030¥0T S MR M3 103 15303y
3HLN3HL 4300y I 30130 Y 41°SNOILYD0T 3781SS0d (8) 3HL 40
HOY3 KOM4 NOILOINNO? C3MIMAYYH ¥ AS 03L93NNOD S1 30IA30 V 4l
SINIRYILIA 307AALNI LNALAO FHL WNITHKOD AMYONODIS SLINO
SNOLLYD07301A30 03LO3NNOD TI¥ STIOd 30¥3LNI Lnd1n0 FHL

30V4H3LNI LNdLNO 3HL 40
AVHOVIA MOT4 NOILVYOINNNINOD




US 9,173,267 B2

Sheet 22 of 25

Oct. 27, 2015

U.S. Patent

Y400 VML INJTISTY HINNID (<2

d3NNIO 3HL HO4 ¥3avOTLOOR

WYHOO0Ud VM LNJQIST ARy
AY134 3HL §04 430011008 AI_

WYRO0N VMY INJQIS HOLIMS LHVS

HOLIMS LHYWS 3HL ¥04 §30v011008

RYSO0Hd JHvMAI IN3CISTY
HOSN3S 2001197 IN3IgnY

HOSN3S AONVANIQ0/LI1
INJIEWY 3HL Y04 ¥30v011008

AN IE

JOVIV FUVAMAR H3NwIO
JOVII VMY AR

WYHO0Ud JAVMINYI INJQISTY 30Y4H3LNI LNdLnO

JOVAAIN LNdLNO 3HL §04 30011008

4|_

VNI VMRS HOLIMS LYVIS

JOVII VMG YOSNAS “D00/LOT INIY

WYEO0Yd VMR INIS3Y 3OVAA3LNI LN

JOVAY3INI LNNI 3HL ¥O4 ¥30v01L008

JOVIV SAVMIVLS YN0
JOVII VM AT

JOVIVI VML 30VAH3LNI LndLNnO

VI JHYMARIS JOSNIS AINYANDDO/LNTIBY

JOVI VMY 30VAA3LNI L0dNI

WYE00d FvMINI INIQISTS J0VAA3LNI H3LSY

JOVIHILNI Y31V 3L 404 301 1008




US 9,173,267 B2

Sheet 23 of 25

Oct. 27, 2015

U.S. Patent

40079NITI0d

«293400Y LYHL ONISA NOA
HLIA FLYIINNAOD MON T ONY H3LSVH
N10A WO SS3X00Y MIN AW 109 |,

S1104 553400y S3)IAL0
(3LJ3NNOI AN
3HL S00Y MON ¥3LSYW 3HL

S30130 Esmﬁzoo 0
F1EvL NOUdF3 8110} mmmz:_‘
JHMINRELS 3dAL STV,
3030 3HL LNOGY QN
FHLTIV SLRIM §3LSYW 3HL

v

+ JUVMINHL] HAN0 3HL ININNNY
81 LI ONY AAA: SSTHOOY 1V S30ISIY LI
o0 NY S1LTFOIAIO MINY FAVH 1 43AH3S,

(33N ONY 14 301A30 3H1 QINOHS
TTv034 404 H3AY3S 3H1 0L 0¥ 20IA3C
M3H SIHL 30 0N 3L SON3S HILSVK 3HL

JA300300V AN 311
NN TN S3IAA0 GILIINNOI
1Y STiI0d MON ¥3LSYA 3HL

2¢ b4

égéa wﬁ
ATIVOIGAL S1 34103008 JHLLNA SIHL 40 FNIL JSNOSTY
JNILY 1Y 0355Td 38 I NOLLNA ANLIS JAT INOATNG 2 3LON

"ONIOYIJEENY430 AOLY4) SSIAY NY 3A%H LON $300
AN LYRL 30130 Y 40 SS34A0V IHL 19S50V <1 3LON

"§$3400Y 3HL J09 LI LYHL NOLLYWAIINGD
HLIM %O¥8 SONOASTY 301A30 3HL

3030 _E_.: NO *zmewmm
SLIVHE (WOYd33) ANONSH
FVIVIOANON 01 S53500Y
NN S1IS3LINM 3030 3L

030

NILS303Y 3HL OL L1 SNOISSY ONY
5340V 318y 1vAY Nv 804 318v1
S1INId SYO0T 431N JHL

{3I0N

Y3LSVH 3HL AOY 15303 89
853400V HL OL ANOAS3H TIM
FUIAJ0 IVHLNIHI 301ATYNO
355384 SINOLLOH df1L3S 3HL 4

} 10N
+(59 S500Y O3 J8NOJSTY V H3HL St

IOMLINENS S1INO SIAJQ MIN
ANV H04 51104 30YAH3LN H3LSVH




US 9,173,267 B2

Sheet 24 of 25

Oct. 27, 2015

U.S. Patent

(SnanyaL004) Xm0

£ INIOd NO 03193135 435N

64 INI0d 440 (3103136 438N

Z# INIOd NO 03103135 H35N

{4 INIOd 440 03103735 H3sn
¢z b4

# INIOJ NO 03193135 ¥35n

4 INIOd 440 QALOAIIS Hash

40SN3S 40 30NV

T

HOSNIS 1LHOM INJIGWV IHL A9 N33S SV T3A3T LHOIT IHL 40 IONVY



US 9,173,267 B2

Sheet 25 of 25

Oct. 27, 2015

U.S. Patent

2aNSH0Z un>_ 1z JaASY'1Z éc
o JAATN IDVLI0A ._m>w._ JOVLI0A TI3AT 39VLICA
T00N
3N AT
NEROSHONOL OV N340 HONOL G IS HONOL GO T00
HOLIS LAVHS HOLINS LAVS HOLIS LoAS LR
|2 N AV
WG R
ST AN /ST 300
o 1von |f vy swn ]| Owlnon )] o 1uen VNG AV
ANV T ZAVE I ZANVE NEZHOSHONOL
QML | e e
v [
8l 1nding
1A wwm»m_nlu&” T3AT mwﬂ».m_%\m LELEL NMMM—MONM 3A3 W%M,J—HMM mewaIODO._.
aal T QIHIM —
09— yor{ [ TENT] o
AN @_ 4 9l 1NN
. NEBHOSHONOL

33

QOTHIN
el ovaam e /\\/

9l 1 L] 13AT1 3IOYLION rA4
NIFHISHINOL QOTM @
ON\/.\MM._._Bw LHYIAS |
NIFIOSHONOL QI UM _m_ i “anan 3ov1TON
0 Lp_gm el

zmm%ﬂﬁ Ak v NIZHOSHONOL
oo QOTHLM
VAN o —
8l 1nd1no ey E 2 e
~—F vl T




US 9,173,267 B2

1
MODULAR CENTRALIZED LIGHTING
CONTROL SYSTEM FOR BUILDINGS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 U.S.C. 119(e) of
U.S. provisional patent application Ser. No. 61/341,576 filed
onApr. 1, 2010 entitled AUTOMATIC ADDRESSING AND
SELF CALIBRATING LIGHTING CONTROL SYSTEM
the disclosure of which is hereby incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to the field of lighting control
systems typically used in buildings. More particularly, the
present invention relates to the field of centralized building
lighting control systems for managing, controlling and main-
taining lighting within and around a building.

2. Description of Related Art

Centralized building lighting control systems have conven-
tionally been configured with a head-end central control
panel. Output devices such as relay panels are connected via
a multi-wire communication signal line to the head-end cen-
tral control panel. Input devices such as switches are con-
nected by either the same communication signal line or a
separate communication line. FIGS. 1 and 2 depict both of
these scenarios. In order to communicate with the head end
controller, the input and output devices are addressed locally
with either dip switches or selector switches as, for example,
depicted in FIG. 3. Each device on the communication signal
line must have a unique address. If a device is mistakenly
addressed to another device’s address it will cause errors on
that communication signal line. Consequently, installers must
keep track of what addresses have been assigned during the
installation of the devices. As can be appreciated, this is a
cumbersome and time consuming task.

Centralized lighting control systems have traditionally
been controlled by a head-end controller. This controller is
typically configured with a central processor that manages all
of'the devices on the communication signal lines. Because of
this arrangement, a limited number of communication lines
are able to be connected to the control system, thus limiting
the number of input and output devices able to be controlled.
Coordination and control of the entire system is accom-
plished in the head-end controller. Additionally, modifica-
tions to the control scheme need to be down loaded from a
separate desktop or laptop computer. This computer is con-
nected to the head end controller either directly or through an
interface module as, for example, depicted in FIG. 4. This
computer is fitted with a software package that is able to
modify the central controller’s input/output scheme or con-
trol sequence (i.e. to program the system). To make these
modifications, the user connects the computer to the head end
controller with either a serial connection (RS-232) or an
Ethernet connection. The user then makes the appropriate
modifications on the connected computer utilizing the soft-
ware package residing on that computer. After the modifica-
tions are complete on the connected computer, they are down-
loaded to the head end controller. The computer is solely used
for programming and/or monitoring the head end controller.

The traditional head end based control systems have sev-
eral limitations including, for example, the following.

Head end control based systems, due to their architecture,
have a limited number of inputs (i.e. switches) and outputs
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(relays). Although large scale control systems exist which are
capable of handling a large number of inputs and outputs,
those systems are suited for just that purpose—large scale
control. They are typically relatively expensive and practi-
cally useable only for large scale control systems/applica-
tions. The head end control based systems are also typically
very expensive and, although capable of controlling a rela-
tively small input/output count system, they are generally cost
“in-effective” for both small and large scale applications.

Head end control based systems do not effectively inter-
face with the individual programming the system. Since the
“programming” computer is not an integral part of the light-
ing control system, it requires the user (programmer) to
develop the program and down load it to the head-end con-
troller. At first glance, this may appear to be a benefit since the
computer is not “required” for the system to function. But
after further analysis it quickly becomes evident that it is not
a benefit, but rather a hindrance. With the traditional head end
based system a computer is still required for download of the
program; it is simply not used for direct interaction or control
of the system. The user can program, monitor and even
manipulate the system but this is done through downloads and
uploads from the head end controller that is the means of
control for the system. FIG. 5 depicts the flow of communi-
cation for typical head end based systems.

It is noted that head end based systems exist that do not
require a computer to program them. In this type of setup all
of the information is stored and programmed directly on a
keypad on the head end controller. These types of systems are
worse yet, as they do not have the means to store the program
on a separate device (i.e. computer’s hard drive). Should the
head end controller fail, the program is lost and must be
“rebuilt” in a new head end controller.

As depicted in FIG. 3, traditional head-end based systems
use a method of addressing devices on the network with dip
switches or selector switches. This requires all of the devices
connected to the system to be addressed prior to its installa-
tion. All devices need to be coordinated such that no two
devices ona communication link share the same address. This
may not seem like a monumental item at first, but after further
examination this can be a daunting task. First of all, devices
have to be mapped and coordinated prior to the installation.
Devices on different communication links can share the same
address with a device on another communication link. If a
device is accidentally installed on the wrong communication
link, duplication of addresses can exist. Secondly, good
records of the system and how it is all connected must be
maintained with this type of system. If the system is initially
set up and at a later date modifications to the system are made,
the records from the first installation must be coordinated
with the modification to assure that no duplication of address-
ing is done on a communication link. However, as a practical
matter, records can be lost or inaccurate leading to difficulties
when making future modifications.

In head end control based systems, a paper directory card
must be maintained and amended at the relay or dimming
panels as the controlling loads are added and/or changed. This
directory is used to describe what area or lighting circuit is
controlled by a given relay or dimmer. Many times this paper
card is lost, not maintained and/or contains incorrect entries.
When an addition or modification is required, the installer
must, therefore, trace out all of the unknown circuits and map
out the wiring prior to the modification or addition. Addition-
ally, when a relay or dimmer has failed or is not operating as
intended, it can be difficult to rectify the problem without an
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accurate record of the circuitry. As a consequence, modifica-
tions and troubleshooting can be relatively time consuming
and costly.

To conserve energy, modern facilities lighting control sys-
tems have incorporated occupancy sensors and ambient light
level sensors. Occupancy sensors are used to detect motion in
a given area. When motion is detected, a digital “on” signal is
sent back to the head end controller to turn on a relay or
dimmer. The occupancy sensor also starts an internal timer
and, when the time cycle is completed, sends a digital “oft”
signal back to the same head end controller. The timer is
continually reset by the motion sensor, thus maintaining the
lights on as long as motion is detected. The deficiency with
this type of control system is that all of the control settings are
at the sensor. Should a different delay/cycle time be desired,
it must physically be set at the sensing device/sensor. These
devices are typically mounted to the ceiling of the controlled
area and, in larger systems, there can be hundreds or thou-
sands of them throughout the facility. Making a change to the
delay/cycle time (a task frequently required to “calibrate” the
system) can, therefore, take a substantial amount of time and
be fairly costly.

The other component used in energy conservation of a
lighting control system, the ambient light sensor, is typically
a separate device with manual control of the set points. The
user simply “picks” an event to occur (on or off of a lighting
relay or level of a dimmer) based on the light level in the area.
This can be cumbersome as the sensors are not self calibrating
to the area of control and require the installer to manually set,
and often reset them, until the desired set point is attained.
Like the occupancy sensor, all levels of control and setpoints
are at the device. Any adjustments and/or setting of the time
delay, sensitivity to light, and set points in connection with
both time and light must be made manually at the device.
Similarly, adjusting, maintaining and repairing these devices
can be relatively time consuming and costly.

SUMMARY OF THE INVENTION

The present invention overcomes the disadvantages of
prior lighting control systems and provides additional advan-
tages and benefits as described herein below.

In general, the present invention incorporates a new
method of control and interface structure for a centralized
building lighting control system. It addresses the aforemen-
tioned problems of existing systems by, among other things,
distributing control to the local devices and coordinating that
control at a central computer. The inventive lighting control
system is modular, efficient, substantially easier to setup and
maintain, and scalable for use in relatively small and large
facilities/applications.

In one form thereof, the present invention comprises a
lighting control system for controlling lights of buildings.
The lighting control system includes a programmable light-
ing control computer server adapted to interface with a user.
The server is programmed to establish desired control com-
mands responsive to environment status information. A mas-
ter interface is provided including at least one programmable
microcontroller connected to and communicating with the
server. The environment status information and control com-
mands are communicated between the master interface and
the server. The master interface is connected to and adapted to
communicate through a primary communication link. An
input device including a programmable microcontroller is
connected to the primary communication link and is adapted
to communicate with the master interface. The input device is
capable of monitoring the environment status of a building
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zone and establishing environment status information, the
environment status information being communicated
between the master interface and the input device through the
primary link. An output device including a programmable
microcontroller is connected to the primary communication
link and adapted to communicate with the master interface.
The output device is capable of controlling a light in the zone
in response to a control command, the control command
being communicated between the master interface and the
output device through the primary link. Accordingly, the
building zone environment status information can be commu-
nicated from the input device to the master interface and from
the master interface to the server; said server can establish a
desired control command responsive to the environment sta-
tus information; and, the control command can be communi-
cated from the server to the master interface and from the
master interface to the output device, whereby the light in the
zone is controlled responsive to the control command.

In another form thereof the present invention comprises a
lighting control system for controlling lights of buildings and
includes a programmable lighting control computer server
adapted to interface with a user. The server is programmed to
establish desired control commands responsive to environ-
ment status information. A master interface is provided
including at least one programmable microcontroller con-
nected to and communicating with the server. The environ-
ment status information and control commands are commu-
nicated between the master interface and the server. The
master interface is connected to and adapted to communicate
through a primary communication link. An input device is
provided comprising a smart switch having a programmable
microcontroller connected to the primary communication
link and adapted to communicate with the master interface.
The smart switch has a touch screen LCD connected to and
being controlled by the smart switch microcontroller to dis-
play touch screen input buttons and button descriptions. The
smart switch microcontroller is capable of monitoring the
status of the input buttons and establishing environment sta-
tus information therefrom. The environment status informa-
tion is communicated between the smart switch and the mas-
ter interface through the primary link. An output device is
provided comprising an output interface having a program-
mable microcontroller connected to the primary communica-
tion link and adapted to communicate with the master inter-
face. Control commands are communicated between the
output interface and the master interface through the primary
link. The output interface is connected to and adapted to
communicate through a secondary communication link. One
of a relay or dimmer device having a programmable micro-
controller is connected to the secondary communication link
and adapted to communicate with the output interface. The
one of a relay or dimmer device is capable of controlling a
light in the zone in response to a control command. The
control command is communicated between the output inter-
face and the one of a relay or dimmer device through the
secondary link. Accordingly, the building zone environment
status information can be communicated from the input
device to the master interface and from the master interface to
the server; the server can establish a desired control command
responsive to the environment status information; and the
control command can be communicated from the server to the
master interface and from the master interface to the output
device, whereby the light in the zone is controlled responsive
to the control command.

In yet another form thereofthe present invention comprises
a lighting control system for controlling lights of buildings
and includes a programmable lighting control computer
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server adapted to interface with a user. The server is pro-
grammed to establish desired control commands responsive
to environment status information. A master interface is pro-
vided including at least one programmable microcontroller
connected to and communicating with the server. The envi-
ronment status information and control commands are com-
municated between the master interface and the server. The
master interface is connected to and adapted to communicate
through a primary communication link. An input device is
provided comprising an input interface having a program-
mable microcontroller connected to the primary communica-
tion link and adapted to communicate with the master inter-
face. The environment status information is communicated
between the input interface and the master interface through
the primary link. The input interface is connected to and
adapted to communicate through a secondary communica-
tion link. An ambient light and occupancy sensor device
having a programmable microcontroller is connected to the
secondary communication link and adapted to communicate
with the input interface. The sensor device is capable of
monitoring the ambient light and motion in the building zone
and establishing environment status information therefrom.
The environment status information is communicated
between the input interface and the sensor device through the
secondary link. An output device is provided comprising an
output interface having a programmable microcontroller con-
nected to the primary communication link and adapted to
communicate with the master interface. Control commands
are communicated between the output interface and the mas-
ter interface through the primary link. The output interface is
connected to and adapted to communicate through a second-
ary communication link. One of a relay or dimmer device
having a programmable microcontroller is connected to the
secondary communication link and adapted to communicate
with the output interface. The one of a relay or dimmer device
is capable of controlling a light in the zone in response to a
control command. The control command is communicated
between the output interface and the one of a relay or dimmer
device through the secondary link. Accordingly, the building
zone environment status information can be communicated
from the input device to the master interface and from the
master interface to the server; the server can establish a
desired control command responsive to the environment sta-
tus information; and the control command can be communi-
cated from the server to the master interface and from the
master interface to the output device, whereby the light in the
zone is controlled responsive to the control command.
Preferably, each of the master interface, input device and
said output device are identified in the control system with a
unique address. The unique addresses are established and
maintained by said server and are communicated between the
server and the master interface and between said master inter-
face and the input and output devices through the primary
link. The unique addresses are linked to a virtual graphical
representation at said server, and the virtual graphical repre-
sentations are displayed on a monitor connected to the server.
The master interface includes a power source connected to
and providing power to each of the input and output devices
through the primary link in a daisy chain. Each of the input
and output devices include a voltage monitor capable of
monitoring the voltage level at the device, and each of said
input and output devices monitors its voltage monitor and
establishes voltage level information. The voltage level infor-
mation is communicated between the input devices and the
master interfaces through the primary link and between the
master interface and the server. The server creates a graphical
representation of the location of the input and output devices
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by using the voltage level information and the unique
addresses of the input and output devices.

Yet more preferably, the master interface includes an Eth-
ernet microcontroller and a master microcontroller connected
and communicating with each other through a dedicated
serial communication link. The Ethernet microcontroller is
connected to and communicating with the server through an
Ethernet TCP/IP protocol link, and the master microcontrol-
ler is connected to and communicating with the input and
output devices through the primary communication link. The
primary connection and communication between the master
interface and the input and output devices is via an RS-485
multi drop addressable protocol link.

The output interface preferably includes a touch screen
LCD connected to and being controlled by the output inter-
face microcontroller to display information about the one of a
relay or dimmer, touch screen input buttons and button
descriptions. The output interface microcontroller is capable
of monitoring the status of the input buttons and establishing
environment status information therefrom. The environment
status information is communicated between the output inter-
face and the master interface through the primary link. The
displayed information can include address information asso-
ciated with said one of a relay or dimmer.

The input interface preferably includes a touch screen LCD
connected to and being controlled by the input interface
microcontroller to display information about the connected
ambient light and occupancy sensor devices, touch screen
input buttons and button descriptions. The input interface
microcontroller is capable of monitoring the status of the
input buttons and establishing environment status informa-
tion therefrom. The environment status information is com-
municated between the input interface and the master inter-
face through the primary link. The displayed information can
include include address information associated with the
ambient light and occupancy sensor device.

BRIEF DESCRIPTION OF THE DRAWINGS

The above mentioned and other features of this invention,
and the manner of attaining them, will become more apparent
and the invention itself will be better understood by reference
to the following description of embodiments of the invention
taken in conjunction with the accompanying drawings,
wherein:

FIG. 1 is a schematic view of a prior art centralized build-
ing lighting control system with a head-end central control
panel;

FIG. 2 is a schematic view of another prior art centralized
building lighting control system with a head-end central con-
trol panel;

FIG. 3 is an addressing dip switch bank of prior art lighting
control systems;

FIG. 4 is a schematic diagram of prior art downloading/
uploading communications between the head end controller
and a computer;

FIG. 5 is a flow diagram of prior art head end lighting
control systems;

FIG. 6 is a schematic diagram of a lighting control system
constructed in accordance with the principles of the present
invention;

FIG. 7 is an exploded view showing a typical wall instal-
lation of a smart switch of the present invention;

FIG. 8 are front elevation views of smart switch touch
screen L.CD’s depicting example programmable button con-
figurations;
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FIG. 9 is ablock diagram of a smart switch constructed and
connected to a lighting control system in accordance with the
present invention;

FIG. 10 is a block diagram of an ambient light/occupancy
sensor device constructed and connected to a lighting control
system in accordance with the present invention;

FIG. 11(a) is a schematic diagram of a control system
according to the present invention;

FIG. 11(4) are flow diagrams corresponding to the sche-
matic diagram of FIG. 11(a) and illustrating communications
between an ambient light/occupancy sensor device and the
server;

FIG. 12 is ablock diagram of an input interface constructed
and connected to a lighting control system in accordance with
the present invention;

FIG. 13 is a block diagram of an output interface connected
to relay/dimmer devices in accordance with the present inven-
tion;

FIG. 14 is a block diagram of an output interface con-
structed and connected to a lighting control system in accor-
dance with the present invention;

FIG. 15 is a block diagram of a master interface con-
structed and connected to a lighting control system in accor-
dance with the present invention;

FIG. 16 is a schematic diagram of the master interface
communication connection to the input and output interfaces;

FIG. 17 is a flow diagram illustrating the internal commu-
nications of the master interface;

FIG. 18 is wiring diagram of the primary and secondary
communication links;

FIG. 19 is a flow diagram illustrating the input interface
communications;

FIG. 20 is a flow diagram illustrating the output interface
communications;

FIG. 21 is a schematic diagram of the firmware upgrade
hierarchy;

FIG. 22 is a flow diagram illustrating the addressing pro-
tocol;

FIG. 23 is a schematic diagram of a prior art ambient light
sensor control method; and,

FIG. 24 is a schematic diagram illustrating the voltage drop
phenomenon used in the present invention for creating a
graphical representation.

Corresponding reference characters indicate correspond-
ing parts throughout the several views. Although the exem-
plification set out herein illustrates embodiments of the inven-
tion, in several forms, the embodiments disclosed below are
not intended to be exhaustive or to be construed as limiting the
scope of the invention to the precise forms disclosed.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

A centralized building lighting control system constructed
in accordance with the principals of the present invention is
shown and generally depicted in the drawings with the
numeral 10. The structure of a lighting control system 10 is
generally shown and depicted in FIG. 6 and includes the
following six basic components: Lighting Control Server 12
which preferably includes both a primary control server com-
puter 24 and a secondary/backup control server computer 26;
Master Interface(s) 14; Input Occupancy/Ambient Light
Interface(s) 16; Output Relay/Dimmer Interface(s) 18; Input
Devices including Smart Switch Devices 20 and Ambient
Light/Occupancy Sensor Devices 21; and, Output Relay/
Dimmer Devices 22. Each of these basic components con-
tains a processor that controls its functions. Only information
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that is required to be known by another component in the
control system is forwarded on via multi-drop and/or Ether-
net communication connections.

As more fully discussed herein below, the lighting control
server 12 is responsible for user interface functions such as
inputting set points and delay settings; tying input requests to
output commands; inputting switch button labels and relay
descriptions; and, setting up time-clock functions. In this
regard, the primary server 12 and the secondary server 26 may
include keyboards 25 and monitors 27 as diagrammatically
depicted in FIG. 6. Additionally, the server 12 coordinates the
control system 10 as a whole, through database lookups and
transmission to the master interfaces 14, the resultant of those
database lookups. The lighting control system 10 is very
modular in nature, can accommodate both small and large
input/output count facilities/applications and, thus, can
become very complex in structure. As more fully described
herein below, to eliminate the complexity and make the con-
trol system 10 more user friendly, a self addressing function,
also referred to herein as the auto-addressing function, is
provided whereby the basic components can automatically be
identified and an accurate directory/database thereof can be
maintained.

Each of the basic six components and the operation thereof
along with the overall control system 10 and its operation are
hereinafter described.

Input Devices—Smart Switches

The lighting control system input devices 20, 21 are
devices that directly monitor the environment of a zone. The
input devices include smart switches 20 and occupancy/am-
bient light sensors 21. As best shown in FIGS. 7-9, smart
switches 20 include a touch screen LCD display 28. The
function of the switches 20 as well as the appearance and
operation of the display 28 are programmable via a program
residing on the server 12. More particularly, an initialization
menu/program at the lighting control server 12 allows the
user to program the function of the switch 20, namely, the
number of buttons 30 that the switch is to have. The buttons 30
are “soft” keys that are displayed on the LCD display 28. Each
of the buttons 30 is further programmable to display the
description of the function of that button. That function
description is automatically uploaded from the lighting con-
trol server computer 12 after the system is “setup” and
“linked” by the user. The “setup” and “linking” process will
be described in greater detail herein below.

As best seen in the block diagram of FIG. 9, each switch 20
contains a local microcontroller 32 coupled via connectors 34
to the switch LCD display driver 36 and touch screen con-
troller 38. Microcontroller 32 is coupled to a voltage monitor
40. Microcontroller 32 is also coupled via a RS-485 trans-
ceiver 44 and a connector 34 to the RS-485 multi-drop pri-
mary communication link 42 leading to its controlling-master
interface 14.

Switches 20 are mounted in a backbox 52 with a mounting
yoke 48 and spacer 50, and can be installed in common rough
in boxes (not shown) in a building wall and using a wall cover
plate 46 as shown in FIG. 7.

The switches 20 have several unique functions. After pro-
gramming by the server 12, microcontroller 32 is responsible
for maintaining the button configuration 30 and button
descriptions for the switch 20; for the monitoring of “button
presses” by a user; and, finally, for communicating any
changes in status (button pressing) to its controlling master
interface 14. It is important to note, that since the smart
switches 20 each have their own microcontroller 32 and touch
screen LCD display 28, they are able to communicate with a
master interface 14 and display pertinent information relating
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to its operation to the user. As described in greater detail
herein below, the smart switches 20, as well as all other
components in the control system 10, are capable of moni-
toring and reporting their current state and voltage level at that
component for thereby mapping/determining the compo-
nents connection order and where a booster power supply
may be needed. The component’s current state is reported to
the user both locally on the LCD display 28 and at the lighting
control server 12.

Input Devices—Occupancy/Ambient Light Devices

The occupancy/ambient light sensor input devices 21
monitor the environment in a particular zone within or around
a building for light level and motion. As best seen in the block
diagram of FIG. 10, occupancy/ambient light sensor 21
includes a local microcontroller 54 coupled to an occupancy/
motion sensor 56 and to an ambient light sensor 58. Similar to
the smart switch 20, microcontroller 54 is coupled to avoltage
monitor 40. Microcontroller 54 is also coupled via a RS-485
transceiver 44 and a connector 34 to the RS-485 multi-drop
secondary communication link 60 leading to its controlling
input occupancy/ambient light interface 16.

The occupancy sensor 56 monitors motion in a given zone/
area. The ambient light sensor 58 monitors the ambient light
level in the zone/area. The ambient light sensor 58 has three
levels of sensitivity. Depending on the level of light in the
monitored area, the sensor 58 will automatically adjust its
sensitivity to best represent the light level. By way of
example, if the light sensor 58 is placed in an area with a high
level of natural ambient light (i.e. the area has a lot of win-
dows and sky lights), it will automatically reduce its sensitiv-
ity setting to maximize the full scale of light level for that area.
As more fully discussed herein below, light sensor 58 is
calibrated via a self calibration procedure such that, as the
level of artificial lighting changes in the monitored area (i.e.
as the control system 10 changes the light level from low to
medium by turning on additional relays/lights in a given area)
so will the sensor 58 modify its representation of the ambient
light in that area.

Each occupancy/ambient light sensor microcontroller 54 is
responsible for monitoring the light sensor 58 and accurately
determining the ambient light level for the zone whereat it is
located, and for monitoring the occupancy sensor 56 and
determining whether motion has been sensed in that same
area. Additionally, the microcontroller 54 forwards this status
information to its controlling input occupancy/ambient light
interface 16.

Because the occupancy/ambient light sensor input devices
21 controls its own functions yet communicates with the
lighting control server 12, the “on-time”, also known as the
“time delay”, after motion is recognized is easily adjustable.
More specifically, device 21 starts a timer after motion is
sensed in the area. After a specified amount of time has passed
(i.e. 30 minutes) and after not receiving any other motion
indications within that specified amount of time, device 21, in
combination with the input interface 16 and master interface
14, sends a command to the control server 12 to turn the lights
offin the controlled area. Additionally, the “on-time” or “time
delay” can be sent to the device 21 microcontroller 54 via the
communication network, namely, through secondary link 60,
input interface 16, primary link 42, master interface 14 and
Ethernet link 62, and then stored by microcontroller 54. As
can be appreciated, the user can thereby easily set and change,
as may be needed or desired, the “on-time” or “delay time” of
the input device 21 directly from the central lighting control
server 12.

FIG. 11 illustrates a flow diagram of the communication
between the occupancy/ambient light device 21 and server 12
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whereby the “delay time” can be reprogrammed/changed. At
step Al, the user enters a new “delay time” at the lighting
control server 12 or any other computer (not shown) that can
remote link into the server 12. The database of these settings
which resides on the server 12 is updated (step A2). In step
A3, the new “delay time” is sent through the Ethernet link 62
to the appropriate master interface 14. The master interface 14
receives and then forwards the requested change through the
primary link 42 to the appropriate input interface 16 (step
Ad4). In step A5, the input interface 16 then forwards the
change through the secondary link 60 to all of the appropriate
input devices 21 under its control. Each affected device 21
then updates and stores the new “delay time” and confirms the
change was made back to its controlling input interface 16
(step A6). It is noted in step A7 that, if any of the affected
devices 21 does not respond with a confirming message, an
error message is sent to and logged on the input interface LCD
64 and the error message is also sent back through the master
interface 14 to the server 12 for logging. It is noted that the
communications between the control system components is
more specifically described herein below.

Like the smart switches 20, the occupancy/ambient light
device 21 is capable of communicating its current state, and
the voltage level at that component, back to the lighting
control server 12 and to its controlling input occupancy/
ambient light interface 16. The device’s 21 current state and
voltage level is reported to the user both at the input interface
LCD 64 of the input interface 16 which is typically located
generally nearby the device 21, as well as at the lighting
control server 12.

It is noted that the occupancy/ambient light devices 21 do
not each have their own touch screen LCD display as this
would greatly increase their cost and physical size. Addition-
ally, the occupancy/ambient light devices 21, are typically
located and mounted up high on a wall or on the ceiling and,
therefore, a touch screen and/or a LCD display mounted
directly thereon would not be practically useable and would
unnecessarily add to the cost. Instead, occupancy/ambient
light devices 21 are connected via a multi-drop secondary
communication link 60 to a controlling input interface 16
having a LCD 64 and whereat relevant information in con-
nection with the devices 21 is displayed. It is noted that a total
of sixteen devices 21 are allowed to be connected to each
interface 16 and that all information in connection with all
sixteen devices 21 is displayed on the controlling interface 16.
In this manner, the user/installer is provided with a means for
getting local/nearby setup and status information of each
device 21 while the system cost is minimized.

It is noted also that because the occupancy/ambient light
devices 21 contain an ambient light sensor 58 that is, as
described herein above, capable of self adjusting its sensitiv-
ity setting, it is possible to fairly easily identify the device 21
and the input interface 16 and, thus, on the control system 10.
That is, pointing a flashlight or otherwise providing another
light source at the device sensor 58 will cause a spike in the
light intensity reading of the device sensor 58. As further
described herein below, using this phenomenon/procedure,
the spike can be observed at the controlling input interface 16
LCD 64 for setting up and identifying the input device 21 on
the multi-drop secondary link 60.

Input Occupancy/Ambient Light Interfaces

The input occupancy/ambient light interface 16 are used to
collect, display locally, and pass on to the controlling master
interface 14 the status of the occupancy/ambient light devices
21 in one or several zones. A block diagram of a typical input
occupancy/ambient light interface 16 is shown in FIG. 12.
Each input interface 16 contains a local microcontroller 66
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coupledtoa LCD display and controller 64 and a touch screen
controller 68. Microcontroller 66 is coupled to a voltage
monitor 40. Microcontroller 66 is coupled viaa RS-485 trans-
ceiver 44 and a connector 34 to the RS-485 multi-drop pri-
mary communication link 42 leading to its controlling master
interface 14. Microcontroller 66 is also coupled via a RS-485
transceiver 44 and a connector 34 to the RS-485 multi-drop
secondary communication link 60 leading to up to sixteen
occupancy/ambient light devices 21.

Typically, an input interface 16 will be installed and reside
locally/nearby the area where the occupancy/ambient light
devices 21 it interfaces with, are installed. The physical geo-
graphic location of the interface 16 is not a requirement due to
electrical constraints (i.e. cable length or data transmission
rate) but, rather, it is a practical issue when setting up the
connected sensors/devices 21 which it controls. The occu-
pancy/ambient light devices 21, as noted above, are “daisy-
chained” from device to device with a maximum of sixteen
sensors/devices 21 per input interface 16. Each device 21 is
“assigned” a unique address from the server 12 via the con-
trolling master interface 14 and input interface 16. If a par-
ticular zone or area requires several sensors/devices 21 to
adequately cover the square footage or shape thereof, that
grouping information is passed on to and “grouped” at the
lighting control server 12. This allows the sensors/devices 21
in a large or oddly shaped room to act and/or be treated as one
common sensor/device 21.

The sensors/devices 21, with the help of their controlling
input interface 16, individually or collectively control a zone
orarea within or outside the controlled facility. A zone may be
an office, a hallway, a conference room, a lobby, a parking lot
or any other area that would be considered an area within or
outside a building. Each zone may contain multiple levels of
lighting, but should typically operate as a unit. For example,
a conference room may contain separate control levels for
each of a can light circuit, a chandelier circuit, and a general
fluorescent lighting circuit, but the general ambient light level
for the entire conference room and or motion within the
conference room should typically be represented as one area/
zone. Any motion within that room or zone will trigger an
event that is taken care of pursuant to the desired programmed
response at the server 12. That is, the motion within the room
or zone is not broken up into the back part or front part of the
room/zone. The sensors/devices 21, input interfaces 16, mas-
ter interfaces 14 and lighting control server 12 all work
together to control the lighting in a given area/zone. If a
sensor/device 21 recognizes movement in a given area, that
sensor/device 21 will forward that event to its controlling
input interface 16. The input interface then forwards that
event on to the lighting control server 12 through the appli-
cable master interface 14. The lighting control server 12 then
looks up in its database what to do when that event is trig-
gered. It also checks all other sensors/devices 21 that are
“grouped” with this sensor/device 21 to check their status.
The following actions and results are preformed based on the
quantity of sensors/devices 21 in a given area or zone:

Ifa zone contains just one occupancy/ambient light devices
21, then that sensor/device 21 has total control of the
area when active. The light level is, therefore, controlled
based on the light level as determined by that sole sen-
sor/device 21. Additionally, any motion in the room will
initiate an “on” command back to the lighting control
server 12. After the prescribed “delay time” without any
motion, the sensor/device will initiate an “off” com-
mand which is sent back to the lighting control server 12.

If a zone contains several occupancy/ambient light devices
21 that are grouped together, then the control scheme/
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process implemented by the control system 10 is as
follows. The ambient light level in the particular area/
zone all of the “grouped” sensors are polled and aver-
aged. The continuous polling is done by the input inter-
face 16 and sent to the server 12. The averaging is done
by the lighting control server 12. The server 12 main-
tains a list of devices that are “grouped” together. Before
a change to the light level (based on a change to the
ambient light level) is initiated by the lighting control
server, the server 12 first averages the light level from all
grouped devices 21 in the applicable area/zone and then,
based on the averaged ambient light level and pre-pro-
grammed desired result, proceeds to change the light in
the area/zone to the desired level. Likewise, when a
motion event is encountered by one of the sensors/de-
vices 21, that information is passed on to the input inter-
face 16. The input interface 16 then forwards that infor-
mation through its master interface 14 to the lighting
control server 14, and starts an internal timer on the input
interface 16. If that same sensor/device 21 does not
receive any additional motion events before the timer
times out then an “off” event is passed on to the lighting
control server. However, before the “oft” event is passed
on from the lighting control server 12 to the appropriate
output relay/dimmer interface 18 and associated relays
or dimmers, the lighting control server 12 first verifies
that no other sensors/devices 21 of the same group are
recognizing motion. If any of the other sensors/devices
21 are recognizing motion than the “off” command is
delayed until all grouped sensors/devices 21 do not see
motion in their field of view. More simply stated an ON
event is triggered by an OR condition of any sensor/
device 21 that is part of the zone’s group. An OFF event
is triggered by an AND condition of all sensors/devices
21 in that same group. The following formulas are used
to represent the lighting control scheme for a zone/area
with multiple sensors/devices which are grouped
together.

LIGHT LEVEL=(SENSOR 4 light level)+(SENSOR
B light level)+ . . . (SENSOR N light level)/(Total
Number of Sensors in the zone’s group)

ON EVENT=(SENSOR 4 has motion) OR (SENSOR
B has motion) OR . . . (SENSOR N has motion)

OFF EVENT=(SENSOR 4 has no motion) AND
(SENSOR B has no motion) AND . .. (SENSOR
N has no motion)

It is further noted that, because the “grouping” and condi-
tioning control of the sensors/devices 21 is performed at the
central lighting control server 12, sensors/devices 21 which
are controlled by multiple input interfaces 16 can also be
“grouped” together. Accordingly, the installer need not know
or otherwise keep track of how the system is going to be setup
(or grouped) when installing/wiring the system. Additionally,
the lighting control server 12 has the ability to “verify” the
status of a given zone/area before it triggers an event. For
example, if the lighting control server 12 were to miss an off
event from one of the occupancy/ambient light devices 21,
then the “state” of that zone would be incorrectly represented
at the server 12. Advantageously, however, since the lighting
control server 12 can communicate with each input interface
16, the server 12 can verify the state of each of the grouped
sensors/devices 21 prior to initiating an ON or OFF com-
mand.

Also, since the input interfaces 16 include a local LCD
display 64, the “status” of each sensor/device 21 can be iden-
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tified and viewed locally/nearby, as the sensors/devices 21 see
it, of the applicable room/zone. Additionally, the input inter-
faces 16 simplify the wiring/installation of the up to sixteen
sensors/devices 21 within a room or across several rooms
since the devices 21 can be wired in any order without regard
to location or cable drop point.

Output Relay/Dimmer Devices

Where the input devices 20, 21 monitor the environment of
a zone; the output devices 22 control the environment of a
zone. FIG. 13 shows a block diagram of typical output relay/
dimmer devices 22 and how they connect with the output
relay/dimmer interfaces 18. Output devices 22 can include
lighting control relays (single pole and two-pole) and dim-
mers (incandescent/LED/fluorescent). Each such output
device 22 includes a local microcontroller 70 which is
coupled to and controls the on and off status of the relay/
dimmer and utilizes a combination of a mechanical relay and
electronic control to turn on and off the circuit to the load.
Microcontroller 70 is also coupled via a RS-485 transceiver
44 and a RS-485 multi-drop secondary communication link
60 directly to the output interface 18. Microcontroller 70 is
capable of determining the location/address whereat the
device 22 is plugged into the output interface 18, and to
communicate this and other information such as the device 22
characteristics (i.e. a single or double pole relay) to the output
interface 18.

Devices 22 which function as lighting control relays, like
other devices 22, each contain a local microcontroller and is
connected directly to an output interface 18. Like other
devices 22, it communicates directly with the output inter-
faces 18 via a communication link 60 which is imprinted
directly onto the output interface 18 circuit board. Addition-
ally, the devices/relays 22 are able to determine the location
whereat they are plugged into the output interface 18. The
devices/relays 22 are able to use this information and com-
municate it to the server through the output interface 18 and
master interface 14 (i.e. whether it is a single or double pole
relay and where it is located in the control system/communi-
cation network). The devices/relays 22 are capable of being
configured as either a single pole device (for 120V and 277V
loads) or a double pole device for (208V or 480V loads). A
double pole configuration is provided by plugging in a second
relay module into the first. The microcontroller 70 of the
controlling module/device 22 acknowledges the additional
pole (module/device) and automatically forwards this infor-
mation onto the output interface 18 whereby this information
is then passed on through the master interface 14 to the
lighting control server 12. The microcontroller 70 controls
the on and off status of the device/relay 22. In this regard, the
device/relay 22 utilizes a combination of a mechanical relay
and an electronic control to turn on and off the circuit to the
load. Essentially, the device/relay 22 is a microcontroller
based controller wherein the microcontroller determines and
communicates its associated relay’s location, the type of relay
it is to the server 12, and wherein it efficiently controls the
connected load. The microcontroller 70 thereof is also
capable of detecting and communication error information
back to the server 12 through it controlling output interface 18
and master interface 14.

Devices 22 which function as incandescent lighting dim-
mers, like the on/off relays discussed herein above, each have
a local microcontroller 70. The devices/dimmers 22 have the
same physical dimension as the lighting control devices/re-
lays 22. Additionally they have the same pin connections for
connecting and communicating via a RS-485 multi-drop sec-
ondary communication link 60 to the output interface 18.
Thus they are interchangeable with the devices/relays 22 and
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are able to communicate the same/similar information back
and forth with the relay interfaces 18. The devices/dimmers
22, however, are capable of reducing the power output to the
load (light). They do this by first receiving a command of
“light level” from the output interface 18 in licu of an on/off
command. They then use the “light level” information to
adjust the power output to the load via a dimming circuit. Like
the lighting control device/relay 22, the incandescent lighting
devices/dimmers 22 communicate the same or similar infor-
mation back and forth to the server 12 through the output
interface 18 and master interface 14 (location, type and status,
etc.).

Devices 22 which function as LED/fluorescent lighting
dimmers are also similar to the 2-pole lighting control
devices/relays 22 described herein above. They use the same
second module as the 2" pole of the 2-pole lighting control
device/relay 22. However, the second pole is used to turn
on/off the required switched circuit to the dimming ballast.
The dimmed output from the dimmer module is used to pro-
vide the dimmed circuit to the dimming ballast of the LED or
fluorescent light fixture. When the second pole module is
plugged into the dimmer it automatically recognizes this con-
figuration and now represents itself as an LED/fluorescent
lighting dimmer in lieu of an incandescent lighting dimmer to
the relay interface. All other functions of this dimmer are the
same as the incandescent lighting device/dimmer 22
described herein above.

Output Relay/Dimmer Interfaces

Output relay/dimmer interfaces 18 are generally the output
equivalent to the input interfaces 16. The output interfaces 18
are used to control the above described devices 22 (relays and
dimmers). Like the input interfaces 16, the output interfaces
18 communicate with the master interfaces 14. The output
interfaces 18 control (turn on, off or dim as appropriate) the
output devices 12 which are connected to them. The output
interfaces 18 receive commands via a primary communica-
tion link 42 from the master interface 14 as to what devices 22
(relays or dimmers) are to be controlled and to what level (on,
off or dimmer level). Additionally, the output interfaces 18
forward information from each of the connected devices 22
(relays and/or dimmers) back to the master interface 14. This
information can include the characteristics of the devices 22
connected at each of its ports/connections, and the current
status of each such device 22 (if it is on, off or to what level it
is dimmed at).

A block diagram of a typical output relay/dimmer interface
18 is shown in FIG. 14. Similar to the input interfaces 16, the
output interfaces 18 are provided with a local LCD 72 and
touch screen 74 for indication and local control of the afore-
mentioned status information. This allows the user and/or
installer to view locally and directly such information and
status thereof. The output interfaces 18 also contain a local
microcontroller 76 which is coupled to the LCD display and
controller 72 and the touch screen controller 74. Microcon-
troller 76 is coupled to a voltage monitor 40. Microcontroller
76 is coupled via a RS-485 transceiver 44 and a connector 34
to the RS-485 multi-drop primary communication link 42
leading to its controlling master interface 14. Microcontroller
76 is also coupled via a RS-485 transceiver 44 and to the
RS-485 multi-drop secondary communication link 60 to the
pin sockets/connectors 78 whereby up to eight devices 22
(relays and/or dimmers) can be connected as depicted in FIG.
13.

It is noted that the LCD 72 also serves as a local circuit
directory for the user during installation and/or for mainte-
nance purposes. This directory includes a cross reference
between the connected devices/relays 22 and a description of
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the controlled load (i.e. “Conference Room Can Lights”).
This directory can be of significant assistance and can signifi-
cantly decrease time and costs when troubleshooting mal-
functions and making future modifications. Since all of this
information is collected at the lighting control server 12, it
can easily be forwarded on to the local LCD display 72 of the
output interface 18. All additions and/or changes of the
devices 12 are handled automatically at the server 12 and each
of the descriptions of the loads for which a connected device
12 (relay or dimmer) is connected is then displayed by default
on the LCD display 72. Should the user want to see different
information (i.e. status info) at the local LCD display 72, they
can merely press one of the local menu sequence buttons on
the touch screen 74.

Master Interfaces

Master interfaces 14 are used to collect the status changes
in any zone, via a primary communication link 42, from the
input occupancy/ambient interfaces 16 and smart switches
20, and to command changes to the output interfaces 18, also
via the primary communication link 42. Each of the inter-
faces, whether input or output, are connected in a daisy-chain
fashion to the primary communication cable/link 42. This
communication cable/link 42 also acts as a power cable and
provides power to each of the connected components 16, 18
and 20. As more fully described herein below, by sharing a
common power supply cable, the voltage level at each com-
ponent is monitored for thereby mapping/determining the
components connection order and where a booster power
supply may be needed.

Like the secondary communication link wiring 60 between
the input interfaces 16 and the input devices 21 (Ambient/
Occupancy Sensors); the primary communication link wiring
42 between the master interface 14 and the input interfaces
16, the smart switches 20 and the output interfaces 18 can be
connected without regard to order and type. FIG. 16 diagram-
matically shows a typical connection scheme of this portion
of'the control system 10. As shown, an Ethernet connection/
link 62 connects master interface 14 to the server 12.

Ablock diagram of the master interface 14 is shown in FIG.
15. Master interface 14 has two processors/microcontrollers,
namely, an Ethernet processor 82 and a master processor 84.
Processors 82, 84 are connected to one another with a dedi-
cated serial communication link 86. Ethernet microcontroller
82 is coupled via an Ethernet connector 80 and the Ethernet
link 62 to the server 12. The master microcontroller 84 is
coupled via a RS-485 transceiver 44 and a connector 34 to the
RS-485 multi-drop primary communication link 42 leading
to the interfaces 16, 18 and smart switches 20. The master
microcontroller 84 is also coupled to a LCD display and
controller 88 as well as a touch screen controller 90. Master
microcontroller 84 is coupled to a voltage monitor 40.

The master interfaces 14 are a key part of the control
system 10 and make the control system modular. Master
interfaces 14 are used to collect and distribute information
back and forth from the interfaces 14, 18 and smart switches
20 to the lighting control server 12. The master interfaces 14
perform several key functions in the control system 10. First,
as more fully discussed herein below, they act as interpreters
between the building’s Ethernet (data) network and the com-
munication network of input and output interfaces 14, 16 and
smart switches 20. Second, the master interfaces 14 act as
collection managers. For example, when several commands
are received from several of the input or output interfaces 16,
18 or smart switches 20 (i.e. button being pushed), the master
interface 14 collects that information and packets it in an
efficient manner to be sent to the lighting control server 12.
Finally, master interfaces 14 maintain a local data table of all
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of'the connected components 14, 16, 18, 20 and 21 for deter-
mining system health and status. Like the input and output
interfaces 16 and 18, it too has a local LCD display 88 and
touch screen 90 for local feedback to the user during instal-
lation and troubleshooting.

By using master interfaces 14 and thereby providing com-
munications between the control network and the Ethernet
network, the control system 10 can virtually include an
unlimited number of input and output components 14,16, 18,
20 and 21. Since the number of master interfaces 14 is only
limited by the limits of the Ethernet network, through the use
of'local microcontrollers for collection and efficient packag-
ing of communicated information, an almost unlimited num-
ber of input and output points can be realized. This structure
allows for an efficient and cost effective solution for both
small scale and large scale applications.

Lighting Control Server

The lighting control server 12 serves two basic functions.
First, the lighting control server 12 acts as a database
server—a function that a computer does very well. When a
master interface 14 (via Ethernet communication) sends an
event change or group of event changes, from one ofthe zones
which it is controlling, to the lighting control server 12, the
server 12 looks up in a database (that resides on the lighting
control server 12) what to do with that event. The server 12
then queries its database for the output event or events that
is/are to be performed when the applicable input event is
encountered. The server 12 then organizes a string of com-
mands to be sent to the master interface(s) 14 that control the
applicable output interface(s) 18 that control the output event
(relay turning on or off, etc.).

A second function of the lighting control server 12 is to act
as a direct and integral interface of the lighting control system
10 and the user programmer. The key point here is that the
server 12 it is an integral part of the lighting control system;
therefore, it acts as a simple and seamless interface with the
lighting control system 10. The function of programming the
system is handled by a software user interface that resides on
the server 12. This interface can access the database (that also
resides on the server 12) directly. This greatly simplifies the
programming of the control system 10. No uploads and
downloads are required between the lighting control system
10 and the programming computer/server 12 as they are the
same device accessing the same database directly. The com-
mands to and from the master interfaces 14 are administered
by a “Service” running on the lighting control server 12. This
service runs independent and continuously on that server 12
as long as it is powered up.

As a resultant of this arrangement, and since the server 12
acts as a node on the building’s Ethernet network 62, an
additional secondary/backup server 26 can be added and
coordinated with the primary lighting control server 24 (this
would provide a level of redundancy in the system should that
be a concern).

The server 12 can also be accessed from any other com-
puter (with the proper security privileges) on the building’s
Ethernet network 62 via common remote interfaces available
(such as Microsoft’s Remote Desktop or a client application).
This allows the server 12 to physically reside anywhere in the
building and to be accessed at any physical location in the
building with a computer and proper security privileges. For
example, this would allow the lighting control server to reside
in the IT department’s main distribution frame (MDF). A
computer in the maintenance department could be granted
privileges to access the server 12 for programming changes;
or, a computer in the area to be controlled can be used for
adjustments to the lighting level in a particular area. The
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flexibility of the lighting control server 12 being a node on the
building’s Ethernet network 62 allows all of the above
described functionality and various other options for user
interface as will become evident to one skilled in the art.

The above described basic six components 12, 14, 16, 18,
20 and 21 are programmed and work together as further
described herein below so as to provide to a centralized build-
ing lighting control system 10. The overall or central control
scheme is first herein after described, namely, how the com-
ponents 12, 14, 16, 18, 20 and 21 talk to each other (commu-
nicate); how they update their firmware; and, finally, what the
significance of the local LCD touch screen displays have in
the system makeup.

System Control Schema—Communication

In general, control system 10 has three levels of commu-
nication with the master interface 14 being the center thereof.
The master interface 14 has two processors 82, 84 that are
connected directly to one another with a dedicated serial
communication link 86. The Ethernet processor 82 is dedi-
cated to communications with the Ethernet network 62 to the
lighting control server 12. As data becomes available (either
incoming from the Ethernet network 62 or outgoing from the
master processor 84) the data is loaded in one of two circular
buffers. Data coming in is loaded in one of the buffers; data
going out is loaded in the other buffer. As shown in FIG. 16,
the master processor 84 is used to communicate with the input
and output interfaces 16, 18 and the smart switches 20 on the
primary RS-485 multi-drop communication link 42.

The communication between the lighting control server 12
and the master interfaces 14 is done via standard Ethernet
TCP/IP communication protocols. Both of the subsequent
levels of communication (the primary communication link 42
and secondary communication link 60) utilize a RS-485
multi-drop, addressable communication protocol.

FIG. 17 shows a flow diagram of how the master interface
14 collects, organizes and distributes information collected
from both the Ethernet network 62 and the primary RS-485
link 42. The first level of communication is between the
lighting control server 12 and the master interface 14. It is first
important to understand how the master interface 14 connects
with the lighting control server 12. When connected to the
building’s computer (data) Ethernet network 62, a master
interface 14 is programmed to and will obtain an IP address
automatically from the data network’s controller (i.e. router).
Likewise, when the lighting control server 12 is connected to
the building’s computer (data) Ethernet network 62, it will
also obtain an IP address from the building’s data network
controller (i.e. router). After the master interface 14 has
obtained its IP address it is programmed to and will then poll
or broadcast its initialization information packet to the system
for a lighting control server 12. The lighting control server 12
has a unique identifying code to distinguish it from other
connected devices. The master interface initialization infor-
mation packet includes its IP address. When the lighting
control server 12 responds, it forwards its IP address back to
the master interface. Accordingly, two-way communication
is thereby established (typically within milliseconds)
between the server 12 and master interface 14. Should power
go down or a loss of IP address occur for any reason from one
orall of the master interfaces 14 and/or lighting control server
12, the same procedure will be re-initiated to re-establish
communications automatically. After a connection has been
established, data to and from the Ethernet network 62 is
managed using the Ethernet processor 82 circular buffers
described herein above. The LCD display 88 on each master
interface 14 is programmed to and is able to present the
automatically connected IP address should the user need to
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troubleshoot connection issues. The procedure listed above
allows the master interface and lighting control server to
connect automatically in a DHCP environment. If a static IP
scheme is employed at the facility where the lighting control
system is installed the installer can simply set the IP address
of'each master interface and the lighting control server via the
LCD touchscreens and the graphical user interface, respec-
tively.

The next level of communications is between the master
interfaces 14 and the smart switches 20, the input interfaces
16 and the output interfaces 18 and is accomplished with an
RS-485, multi-drop, secondary link 60. The master interface
is programmed to take the lead in this communication con-
nection. In order for the components 16, 18 and 20 to com-
municate with each other, the master interface 14 first assigns
an address to each as more fully described herein below in the
Auto-Addressing section. This address is automatically
cross-linked with an ID that is established at the lighting
control server. The cross-linked 1D is what is displayed and
used for setup and installation of the system. After the inter-
faces 16, 18 and switches 20 are assigned an address, they are
programmed to and capable of communicating with the mas-
ter interface 14. The master interface 14 initiates all commu-
nication at this level. That is, the master interface 14 polls
each interface 16, 18 and switches, one after another, until it
reaches the last connected address. It then returns to the first
address under its command and starts the process over. In
between each such polling cycle of the interfaces 16, 18 and
smart switches 20, the master interface processor 82 reads its
incoming Ethernet circular buffer and writes to its outgoing
Ethernet circular buffer as appropriate.

The lowest level of communication is the secondary
RS-485, multi drop communication link 60. As described
herein above, unlike the master interfaces 14, the input and
output interfaces 16, 18 contain just one processor. Each of
these processors has two serial ports, one to talk to each of the
primary and secondary RS-485 links 42, 60. FIG. 18 shows a
typical input and/or output interface 16, 18 communication
connection scheme/link 60. The secondary communication
link 60 is responsible for communications between the
respective input or output interface 16, 18 and its correspond-
ing occupancy/ambient light sensor devices 21 and output
relays and/or dimmers devices 22. FIGS. 19 and 20 show and
describe the operational/program flow diagrams for the com-
munication methods of the input and output interfaces 16, 18
respectively.

System Firmware Coordination and Setup

The control system 10 includes an updating method for
allowing firmware/software features to be added and “bugs”
worked out of the firmware for all components 12, 14, 16, 18
and 20 in the system. The updating method/scheme is needed
because the control system 10, as described herein above, is
modular. Additionally, because the control system 10 is
expandable, and because of the likely hood of expansion is
probable, the updating method for firmware upgrade (or
downgrade) is seamless and automatic.

The following example illustrates the system firmware
updating method:

A lighting control system 20 is initially installed having
one Master Interface 14, three Output Interfaces 18, and
twenty relay devices 22. Thereafter, it is desired to add
four more relay devices 18. The firmware installed (at
the factory) on the four new relay devices 22 is a newer
revision/version than the firmware on the prior installed
output interface 18. It is desired to maintain and continue
to use the firmware on the prior installed output interface
18.



US 9,173,267 B2

19

In the above example the new relay devices 22 and output
interfaces 18 may not communicate all commands correctly
because of the different levels/versions of firmware installed
on each. In this regard, the updating method includes a
“trickle down” firmware modification method/scheme. In this
regard, FIG. 21 shows how the firmware for each level is
stored. The subsequent/lower levels (i.e. the input interface
16 is a subsequent/lower level to the master interface 14) are
stored and maintained as an image in memory on the higher
level component. When a component/device is connected to
the higher level component/device (i.e. when a relay 22 is
connected to the output interface 18 such as in the above
example) the lower level component/device is queried by the
higher level component/device. It is noted that the initializa-
tion and communications information packets also include
the firmware number/version identification. If the firmware
versions do not match, then the newly connected component/
device sets a location in EEPROM and then resets itself. Upon
a reset, each microcontroller enters its boot-loader function/
process. In the boot-loader function, the component/device
checks to see if the EEPROM code is set. If so, it erases the
resident firmware program and requests the firmware pro-
gram that is imaged on the higher level component/device to
which it is connected. The higher level component/device
then downloads the applicable firmware to the newly con-
nected lower level component/device. Upon receipt of the
firmware from the higher lever component the newly con-
nected component/device resets its EERPOM location and
resets itself again. This time, the boot-loader on the newly
connected component/device recognizes that the change in
EEPROM location and immediately jumps to the newly
loaded firmware program. Normal operation then resumes.
This same technique applies to all components 16, 18 and 20
and devices 21, 21 and levels of the control system 10.

If a completely new version of firmware is desired for the
entire control system 10, the new firmware is downloaded
through the Ethernet connection to the master interface 14 via
a menu selection of the graphical user interface program
residing on the lighting control server 12. Once the boot-
loader of the master interface 14 finishes updating its firm-
ware and storing the subsequent firmware images, the lower
lever/order components will automatically propagate the new
revisions throughout the system using the method described
above.

Significance of Local Touch Screen LCD Displays

Another unique feature of this invention is the way that it
conveys information on a local level to the user. Each inter-
face whether it be a master interface 14, input interface 16, an
output interface 18 or smart switch 20, as described herein
above, has its own LCD touch screen display. The LCD
displays are used for many functions including communicat-
ing to the user/installer interface/switch status, communica-
tion status, connection status and, in the case of the output
interface 18, the circuit (switch-leg) descriptions. Switches
20, as described herein above, also display button configura-
tions and button labels (descriptions).

When descriptions of the connected loads (switch-legs) are
entered/provided at the lighting control server 12, that infor-
mation is passed on to the corresponding output interface 18
sothat it can be displayed on its LCD display 72. Any changes
made to the descriptions in the lighting control server 12 are
automatically updated to the applicable output interface 18.

The significance of the local LCD displays is also evident
with the smart switches 20. With the LCD display 28 on the
switch 20, the user is able to coordinate buttons 30 configu-
rations as desired through interactive menus on the lighting
control server 12. The switch 20 automatically uploads con-
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figuration information and descriptions for each of its buttons
30 after a description is entered or updates are made. This
eliminates the need for engraved or worse yet unmarked face
plates describing each button.

Auto Addressing

A significant advantage of the control system 10 is its
ability to self address each of the components 12, 14, 16, 18,
20, 21 and 22. This is made possible because, as described
herein above, each component includes a microcontroller.
Each microcontroller contains a limited amount of non-vola-
tile memory (EERPOM memory) whereat an auto addressing
program/process is able to store status information for coor-
dinating and maintaining an address for itself and the rest of
the system components. That is, a primary function of each of
the microcontrollers 32, 54, 66, 70, 76, 82 and 84 is to coor-
dinate and maintain an address protocol for the control sys-
tem 10.

As described herein above, the lighting control server 12
resides over the master interfaces 14; the master interfaces
reside over the multi-function smart switches 20, the output
interfaces 18 and input interfaces 16; the output interfaces
reside over the relays and dimmers devices 22; and, the input
interfaces 16 reside over the occupancy/ambient light sensor
devices 21. This topology allows for the higher order device
(i.e. master interfaces 14) to communicate directly with the
lower order devices (i.e. input/output interfaces 16, 18), and
also allows the higher order components to address and main-
tain a table of connected components/devices for the lower
order devices. Although the method of addressing may differ
slightly for the type of component/device (input components/
devices vs. output components/devices) the overall method/
scheme is generally the same.

As described herein above, all of the communications
between the various components/devices (except with the
server 12) utilize a multi-drop RS-485 communication
schema. Separate RS-485 communication links are estab-
lished for each “level” of the system (i.e. the master interface
14 to input interface 16 communication is separate from the
input interface 16 to occupancy/ambient light sensor input
devices 21 communication). An exemplary and representa-
tive flow diagram describing the method of the self-address-
ing protocol is shown in FIG. 22 whereat the self-addressing
method/scheme between a master interface 14 and its subse-
quent/lower level input interfaces 16 and output interfaces 18
is described.

It is noted that the local LCD displays 68, 72 and 28
(located on each of the input or output interfaces 16, 18 and
switches 20) perform at least two functions during the self-
addressing and setup process. First, it steps the user through
the process as the new component/device is addressed. That
is, each step is displayed on the applicable LCD so the user is
aware of what is transpiring. For example, when a new smart
switch 20 is first connected via the primary link 42 with a
master interface 14, the switch LCD 28 displays a message
indicating that the switch “Has not been setup/addressed” and
presents/displays a “setup button” 30 for the user/installer to
press to begin setup/addressing process. Once the user/in-
staller presses the setup button 30, the switch LCD 28 dis-
plays/presents a bar graph showing the progression of the
setup/addressing process. After the switch has obtained its
address, it is programmed to and checks with the master
interface for firmware compatibility/equality. If the firmware
on the switch 20 and master interface do not match, then a
request and subsequent transfer of firmware is performed
between the two components as described herein above. As
also described herein above, this is possible because the firm-
ware for the switch 20 resides in memory as an image on the
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master interface 14. The firmware coordination/updating pro-
cess can take several seconds and the LCD display 28 again
displays/presents a bar graph representing the status of the
firmware coordination/update.

A second function of the local LCD displays 68, 72 and 28
during setup/addressing is to allow the user/installer to iden-
tify the component/device for “linking”. Linking is per-
formed, as more fully described herein below, at the server 12
to allow the real/physical component/device to function the
same as the virtual component/device that is programmed and
visible on the monitor at the lighting control server. For assist-
ing in performing the linking sequence/process, the compo-
nent/device ID (cross-referenced from the device’s address)
is displayed on the local LCD displays 68, 72 and 28 for easy
viewing by the user/installer.

Itis noted that, ifa component/device fails and need replac-
ing, the new component/device can be installed using the
same 1D, and likewise, address as the old component/device.
Each component/device includes a physical “setup button” or
one is programmed and displayed on its LCD (or on its
controlling interface 16, 18 LCD) via its respective touch
screen controller 38, 68, 74, 90 as, for example, described
herein above in connection with the smart switches 20. For
example, when a replacement input/output interface 16, 18 is
connected to the primary link 42, the master interface propo-
sitions the new/replacement input/output interface 16, 18 and
initializes the set procedure and, when the setup button is
pressed on or in connection with the newly added component/
device, the installer is also prompted if the new/replacement
interface 16, 18 should be installed using the same ID and
corresponding address as the old component/device. Accord-
ingly, the installer can elect to use the same ID/address of the
old missing component/device or request a new [D/address. If
the existing but unused 1D/address is selected, all previously
programmed and linked interactions with the old component/
device from the server 12 will now apply to the new/replace-
ment component/device.

Itis also noted that, ifa component/device become unavail-
able or otherwise is no longer available or is missing on the
network, the lighting control server 12 is programmed to and
will display the virtual previously linked icon of that compo-
nent/device with a red “X” through it. Accordingly, the user
viewing the server 12 monitor will know that that previously
linked component/device is no longer being recognized and
can take corrective measures as needed. All other previously
programmed functions of the control system 10 will still be
available, but that component/device will not be active since
it is “missing”.

If the user deletes a component/device at the lighting con-
trol server 12 (a device does not need to be missing to be
deleted), then a command from the server 12 is sent to the
applicable controlling interfaces 14, 16, 18 to remove that
component/device from their respective tables. If the compo-
nent/device is still available (if it is still physically connected
to the control system network) the component/device will
again regain the 65 address ID and will be become ready for
a “new installation” setup button press.

As previously mentioned, the setup and addressing proto-
col and method/scheme between the master interfaces 14 and
their connected input/output interfaces 16, 18 is the same as
that described above between the master interface 14 and the
smart switches 20. In connection with the setup and address-
ing procedure between the input interfaces 16 and the ambi-
ent/occupancy sensor devices 21, it is noted that the ambient/
occupancy sensor devices 21 do not contain a local LCD.
However, devices 21 include a light sensor 58 which, in
conjunction with a flashlight or other similar light source, can
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be used to assign an address thereto. In the procedure for
setting up an ambient/occupancy sensor device 21, the
installer/user first selects the input point on the controlling
input interface 16 by pressing a soft key/“setup button” on the
local touch-screen display 66, 68 representing the input
device 21 to be setup. It is noted that up to sixteen devices 21
can be connected to one input interface 16, and the status of all
sixteen devices 21 is displayed on their controlling interface
LCD screen 66. The displayed status includes an indication
showing if the device 21 is setup and the address thereof or, if
it is not yet set up, an available “connection point/button”. To
set up and address a device 21, the installer selects a desired
connection point and presses the “connection point/button”
on the touch-screen display 66, 68. The interface 16 then
causes all of the devices 21 that are physically connected
(wired) to it but are not yet addressed or setup to flash an LED
light which is physically located on the devices 21. The
installer can, thus, physically see the devices 21 which are not
yet addressed or setup. By then pointing a common flashlight
or other light at the device light sensor 58 which is to be
connected to that “connection point”, the device 21 is pro-
grammed to and will recognize the spike in its light level and
request that connection point address from its input interface
16. All devices 21 under that interface 16 will then stop
blinking their LED’s until another setup request is given by
pressing another available “connection point/button” at the
input interface 16.

Once adevice 16 has received its address, it is programmed
to and then goes through the procedure described herein
above to coordinate and/or update or obtain the compatible
version of firmware. Should the user/installer want to see the
address of adevice 21 at a later date, the input interface 16 can
be placed in a “check address mode” by pressing a soft button
of'the controlling interface LCD 66, 68 whereby, by pointing
a flashlight at a device light sensor 58, both the device LED
will be caused to blink and the input connection point of the
input interface 16 will display indication thereof.

The setup and addressing protocol and method/scheme
between the output interfaces 18 and the output devices 22 is
substantially the same as between the master interface 14 to
input/output interface 16, 18 in regards to the deletion or loss
of a device 22. The creation/assignment of a device 22
address is also similar, except that the output relay/dimmer
device 22 is physically plugged into a specific port/pin socket
78 on the output interface 18. Thus, the address which is
assigned to the device 22 is the port/pin socket 78 to which it
is attached. There are a maximum of eight available addresses
(0-7) per output interface 18. The addresses are assigned by
the device 22 being plugged into an output interface pin
socket 78 and a fixed code on three of the connection pins/
wires between the device 22 and the output interface 18. The
three pins/wires use a binary code to represent the pin socket
78 location of the device 22. FI1G. 13 shows the address/access
code for each pin socket 78 location whereat an output relay/
dimmer device 22 can be plugged into and connected to the
output interface 18. The output interface 18 continually scans
each connection points 78 to verify whether or not a device 22
is present. After the address of a device 22 is established, the
output interface is programmed to and requests additional
information from the output device 22, including the type of
output device it is (single pole relay, two pole relay, incan-
descent dimmer, or fluorescent dimmer). The output interface
18 can then use this information to update its table of con-
nected devices 22 and pass the device information to its
controlling master interface 14 whereat the maser interface 14
updates its table of connected components/devices. The mas-
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ter interface then passes on the information to the server 12 for
updating the connected components/devices table on the
server 12.

It is noted that the highest level of communication is
between the master interface 14 and the lighting control
server 12. This communication is via standard Ethernet pro-
tocols and standard network switches 92, thus, no special
auto-addressing procedures are required. This communica-
tion is setup using standard TCP/IP protocols. The lighting
control server 12 does assign each master interface 12 and ID
so the user is able to distinguish it when “linking” compo-
nents of the system, but this ID is independent from its IP
address that is assigned by the network’s router. It also noted
that the “missing device” and device deletion methods
described above are used here also with the master interfaces
14. Database tables on the server 12 are updated and modified
for the master interfaces 14 like any other device in the sys-
tem.

Linking

The procedures mentioned herein above for “setup” and
addressing are used to identify the components/device on the
control system network. Each component/device 14, 16, 18,
20, 21 and 22 is identified by a nomenclature which uses the
address of'its higher level/controlling components. Because a
master interface 14 is the highest order component in the
control system 10 requiring addressing, when it is added to
the control system, it obtains its cross-referenced ID from the
lighting control server 12. When the lighting control server 12
recognizes a new master interface, it assigns it an 1D of
“M”+the next available number (i.e. M1, M2, M3, etc.). The
master interface 14 is responsible for assigning the ID of its
lower lever connected components/devices. Their ID is com-
posed of both the master interface’s ID plus an identifier
representing their type plus the next available number. For
example, an output (Relay) interface 18 would have an
address ID like M1_RI3. In this case, “M1” represents the ID
of'its controlling master interface, the “RI” (relay interface)
identifies the type of output interface 18 it is, and the “3”
represents the address number of the output interface 18. It is
noted that up to sixty components/devices are possible on a
primary communication link 42. The following table illus-
trates several examples of the addressing nomenclature of
control system components:

ALTERNATE ADDRESS

DEVICE DESCRIPTION DESCRIPTION ID

MASTER INTERFACE (14) M9

OUTPUT INTERFACE (18)  RELAY INTERFACE M9_RI9

INPUT INTERFACE (16) AMBIENT/OCC M9_119
INTERFACE

SWITCH (20) M9_S9

RELAY OR DIMMER (22) M9_RI9_R9

AMBIENT/OCCUPANCY M9_TI9__A9

SENSOR (21)

The above describe address ID of each component is used
at the server 12 to “represent” that component in the control
system. When programming a new component/device at the
server 12, a “virtual” component/device is first established.
For example, if a new switch 20 is to be added to the control
system, the user would create a new virtual switch using the
graphical interface program on the server 12. The configura-
tion of the switch would first be selected, i.e. 2 button, 3
button, etc. Then a description would be provided for each
button 30 (this description will appear on the physical switch
LCD 28 buttons 30). After the virtual switch is established, it
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can be “dropped” into a group of virtual devices 22 that it is to
control. This group of devices can be one or more of a col-
lection of switches, relays, time-clocks, dimmers, etc. that are
to work together in controlling or lighting the inside or out-
side the building/facility. This “dropping” of each component
into each group of devices is done by a standard drag and drop
procedure common to many software applications (similar to
moving a file between folders on a hard drive). Accordingly,
the items that are grouped can be coordinated to control the
components of that group.

For example, if a zone (or group) has three light levels
controlled by three relays 22, two five button switches 20, and
a time-clock (the “time clock™ can be “virtual” in the sense
that it is programmed to operate the relays based on the server
clock), the user/installer can assign the operation of various
relay devices 22 to various buttons 30 of the two switches 20.
Additionally, the user can assign the relay devices to be over-
ridden by the virtual time clock which has been established
and is part of that group. Since all of the components in that
group represent a small sub-system of the larger control sys-
tem 10, the user can easily create complex/desired control
schemes for that group. By combining this feature with the
ability for each component/device to communicate with one
another, complicated control schemes are simply a matter of
dragging and dropping between components.

By way of another example, assume that the user/installer
wants to have the lights go to an AUTO mode every morning
at7:30 AM (in the AUTO mode, the lights should turn on only
when an occupant is in the room); the level of lighting is to be
determined by the ambient light sensor 58 of the ambient/
occupancy device 21; and, the user/occupant should have the
ability to go to a fixed level (i.e. low level) when a “LOW
LEVEL” button 30 is pressed on the local smart switch 20.
This is all simply coordinated/programmed by first creating a
group; creating a time clock with the “7:30 AM turn all lights
off for the grouped lights and put the group into AUTO mode”
(enabling the motion sensor(s) and the ambient light detector
(s) of the group); creating a Virtual Smart Switch with “OFF”,
“LOW LEVEL”, and “AUTO MODE” for the button descrip-
tions; creating a Virtual Dimmer or several Virtual Relays to
control the lights in that area; and finally dropping all of the
affected devices into the newly created group. All functions
and coordination between the grouped devices are now avail-
able for the drag and drop operations within that group. In
order for the “LOW LEVEL” function to operate when the
corresponding button is pressed the programmer simply
drags the relays that are to turn on or off into the appropriate
boxes labeled “On” and “Off” after highlighting the “LOW
LEVEL” button of the Virtual Switch”. Additionally, the
“AUTO MODE” function is dragged into the “Off” box tell-
ing the system to turn off the AUTO MODE function (i.e. to
stop controlling the lights by reference to ambient light level
and motion). Another requirement of the example was to have
the lights of the affected group go into an AUTO MODE at
7:30 AM. This is done by opening up the time-clock that
represents that function of the group and dragging the AUTO
MODE function into the “On” Box. One note regarding all of
the devices of the system—each device can be dragged and
dropped into individual or multiple groups. An example of
this is with our 7:30 AM time-clock. That same time-clock
can be assigned to several groups if desired and can perform
different functions in each group should that be desired (i.e. it
may tell all interior zones to go to AUTO MODE and tell all
exterior lights to turn off).

The developing of “virtual devices” and “grouping” of
those devices allows the programmer to “pre-setup” the sys-
tem as a whole prior to having the physical components/
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devices installed or setup on the system. The method to “link”
the physical component/device to the virtual device uses the
same procedure as that described above. It is noted that when
aphysical component/device is setup on the system, the light-
ing control server generates a unique ID for it that is displayed
on the server until it is linked on the server 12. That ID is also
available at any time on the local component LCD display by
pressing and holding a spot anywhere on the touch-screen for
several seconds. The user can use the displayed ID’s of
unlinked devices on the server and “link” them to a desired
virtual device. This is done by dragging the virtual device on
top of the unassigned physical device ID. Only like types of
components/devices are shown for linking when performing
this procedure. This eliminates, for example, the possibility
of linking a virtual switch to a physical input interface 16.
When the virtual device is linked to the physical device, the
virtual device is no longer listed in the list of “Available
Unlinked Virtual Devices” and it now shares the space of the
device ID. Theresultis a “colored” icon at the device ID along
with the device ID and the descriptions and aspects of the
virtual device. Through the use of “right click” menus the
process, becomes faster and more efficient for the program-
mer.

Self Calibration

Energy conservation is a motivating factor for incorporat-
ing a lighting control system in a facility. It is desirable to
provide lighting only when needed and then, preferably, only
at an intensity sufficient for the intended use. It is also desir-
able to use natural/ambient light when available, and thereby
decrease the artificial light being provided from light fixtures
and, hence, the power consumption.

In this regard, a deficiency with existing lighting control
systems is their ability to accurately represent the steady state
light conditions of a room or area. Some existing lighting
control systems use ambient light sensors in an attempt to
conserve energy. However, the ambient light sensors, as they
are used in existing lighting control systems, are unable to
correctly/accurately represent the light level in the room or
area as they do not perform a “profile” for the controlled
area/room. Moreover, the setup procedure for the light sen-
sors is tedious and inaccurate.

A prior art/existing method of using light sensors is
depicted in FIG. 23. As diagrammatically shown therein, the
full range of the sensor is used to represent the light level in
the room (not the actual range of light conditions of the room
being detected). Several user defined “on” set-points and
“off” set-points are programmed into the system wherein the
differential between each “on” set-point and “off” set-point is
small. A small differential is used so as to reduce the likeli-
hood of cycling of the controlling relay around the on/off
set-point. There are, however, several problems with this prior
art/existing method. First, the user must monitor the light
level in the controlled areas/rooms to determine all of the on
and off set points and how they correspond to the desired light
level for the area/room for differing levels of natural light. If
this was required for only one area in a building, this may not
be a difficult task, but when it is required throughout the
facility with the windows in rooms facing different directions,
the task can be daunting. Accordingly, set up requires highly
experiences installers and is typically time consuming and
costly. The end result is inaccurate control of light levels due
to the lack of time or experience by the installers. Another
problem with the prior art/existing control systems is the
inability to accurately measure the natural (or ambient) light
level without influence from artificial light sources (i.e. the
light fixtures that are being turned on and off in the area being
sensed/monitored). How the lights in the controlled room
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affect the light level with varying conditions can make the
success of calibrating this type of system borderline effective
and frustrating.

The present light control system 10 overcomes the disad-
vantages of the prior systems by developing a light profile,
through the use of its input occupancy/ambient light interface
16, for the light level in the area which the sensors are repre-
senting. This light profile is then used as the basis for the
desired control scheme. In this regard, a dynamic profile is
generated using the steady-state light level as the reference
point for control. The steady-state light level is the actual
ambient light level in a particular area with no influence by
artificial lighting. The steady-state light level will change as
the amount of natural (ambient) light changes, but that is
insignificant when determining a profile for the controlled
area. An example to aid in defining the ambient light for an
area is: in an area with an exterior window, the ambient light
level would be the lighting level in the room without influence
from the light fixtures in that room. To profile the room, each
level of lighting must be introduced into the equation and its
resultant change in light level stored as a reference point for
each added level of light (i.e. a relay is turned on, the light
level is read by the ambient light sensor in that area, and the
change in light level is stored with the relay information in a
database resident on the lighting control server. This is
detailed more specifically here: the microcontrollers on both
the ambient light sensors 58, the input interface 16, the output
interfaces and the relays/dimmers are coordinated to work
together with the lighting control server 12 to develop the
profile. Since all of the previously noted components are
controlled and “grouped” together by the lighting control
server a area/room profile is a simple matter of initiating the
sequence by the user. This initiation can start at either the
lighting control server or one of the input interfaces. The
method for initiating the room profile is slightly different
when originating from either the lighting control server or one
of the input interfaces, but the result is the same. In order to
initiate a room profile event from one of the input interface the
user must first determine which group (area) is to be profiled.
A list of groups is stored at each input interface to allow the
user to select from. The group information is automatically
sent from the lighting control server to each input interface
when a new group is established at the lighting control server.
In order for a group to be eligible for profiling is the presence
of'an ambient light sensor in that group. This requirement is
determined and maintained automatically by the lighting con-
trol server. The process to profile a room/area/group is as
follows:

The user simply scrolls through each group description for
which an area/room can be profiled either at the input inter-
face or the lighting control server. When an area/group is
selected a soft button labeled “Profile Area/Room™ is pre-
sented for the user to press. Upon pressing this button the
process begins. First the lighting control server sends an OFF
command to each relay/dimmer included in the group to be
profiled. Then the lighting control server requests from the
ambient/occupancy sensor(s) (through the various communi-
cation links) in the group to be profiled a light level reading.
This is the steady-state light level for the area. If there are
multiple sensors in the area/group then the average of those
readings is stored. This information is stored in a database
residing on the lighting control server with the appropriate
group. Next the lighting control server issues a command to
one of the relays or dimmers in the group to turn ON (again
through the various communication links). Again the ambi-
ent/occupancy sensors are propositioned by the lighting con-
trol server for their new light level with the added level of
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artificial light for the area. The difference between the origi-
nal “no artificial” light reading and the new “first level of
light” reading is stored in a database residing on the lighting
control server with the respective relay/dimmer. This process
is continued until the lighting control server has measured and
stored the added influence of light for each relay or dimmer in
the group being profiled. After all of the available levels of
artificial light (relays/dimmers) are recorded the process is
repeated for a total of five times. From the results the highest
and lowest readings are thrown out and the remaining three
sets of samples are averaged and recorded permanently in the
database residing on the lighting control server. Performing
this sequence five times and eliminating the samples as stated
above eliminates the influence of temporary environmental
changes during the profiling process (i.e. a cloud passing
over). After the profiling process is complete a message is
displayed at the point of initiation (either the lighting control
server or the input interface) stating that the profile process is
complete. This process provides the lighting control server
two vital pieces of information. First, the lighting control
server now knows what influence each relay/dimmer has in
regards to the added amount of artificial light for that particu-
lar relay/dimmer. Second, the lighting control server now
knows the collective total amount of artificial light all of the
relays/dimmers provide to an area/room/group. This is the
first step in accurately and automatically controlling the light
level in an area with respect to the amount of ambient light
available at any given time. The next step involves polling the
room/area/group periodically for the actual maximum ambi-
ent light levels. With the previously obtained profile informa-
tion the lighting control server can now poll the roonm/area/
group for its current light level. The lighting control server
now has available, through the lookup in its database, what
added amount of light will be present when a respective relay
or dimmer is turned on. Additionally, the lighting control
server can poll each ambient/occupancy sensor for the current
light reading in a particular room/area/group. When the
response of the current light level is sent back from the sensor
to the lighting control server that information can be com-
bined with the lookup in its database to determine what the
“current” steady-state light level is. More specifically, the
lighting control server takes the current light level reading
from the ambient/occupancy sensor and subtracts off the pre-
viously recorded step light level(s) for each relay or dimmer
that is currently ON. This provides the lighting control server
the “current” steady-state light level for the area/room/group
being controlled. This steady-state level is now recorded at a
periodic rate (i.e. every ten minutes) for the controlled group.
A maximum steady-state light level is determined for each
group and that too is stored in a database. The steady-state
maximums are stored for a specified amount of time (i.e. 30
days) and that information is now used to determine an aver-
age maximum steady-state light level for a given area/room/
group: To “jump start” the control of the system a factory
supplied default is preloaded into the data base for use until a
substantial amount of data is collected (i.e. one month). To
control the lighting automatically with regards to the ambient
light a simple inversely proportional formula is implemented.
The formula is as shown here:

DSP=(1-CURgsz 1 /MAX 5577-)* (MAX 4.41)

Where:
DSP=Desired Light Level Set Point
CUR; ,=Current Steady-State Light Level
MAX ., ;=Previously Recorded Maximum Steady-State
Light Level
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MAX, ,,=Previously Determined Maximum Available
Artificial Light

The MAX,;; as used in the formula above is constantly
being updated and changed as the days pass and the data is
updated. This allows for an automatic response to changing
environmental conditions (i.e. season changing).
Once the desired setpoint (DSP) is determined the lighting
control server can now lookup in its database to determine the
best fit to obtain this light level. Moreover, the lighting control
server reviews each possible combination of relay(s)/dimmer
(s) and their respective added amount of artificial light to
determine what combination will get as close as possible to
the desired setpoint (DSP). This algorithm inversely scales
the amount of artificial light in proportion to the maximum
ambient light for a given period of time (i.e. one month).
Although the concept is complex, through the utilization of
the distributed control of the system the application of the
algorithm is simple—a press of the “profile group” button.

The sensors 58, via the controlling program/scheme on the
server 12, are constantly monitoring the light level in a given
area. They are able to “record” locally the maximum and
minimum light levels in that area for each change in step. This
has a bonus side effect, namely, monitoring of the perfor-
mance of the light fixtures. This is accomplished by compar-
ing the original change in light level as produced by each step
of light to the current change in light level by each step of
light. This can only be done during the step-up or step-down
process from level to level. If the “change” in light level from
step to step is stored and compared, then the steady state light
level is automatically averaged out of the equation. Since the
system is able to monitor this change and compare that
change to what is determined acceptable levels in change over
time, the system is able to determine when a fixture may need
cleaning or a ballast or lamp may need replacing.

Utilizing dimmable fixtures enhances the performance of
the system by reducing the error of the desired light level
(dimming allows for smaller light level steps).

Voltage Level Detection and Device Connection Mapping

Each component 16, 18, 20, 21 and 22 is powered from a
common power supply at its master interface 14. This power
feed is provided through the cable that connects each of the
components/devices for communications. FIG. 24 diagram-
matically shown this power feed connection scheme. As pre-
viously noted in each of the block diagrams of the compo-
nents 16, 18, 20, 21 and 22 of the system, each component
includes a voltage monitor 40 of its source (feed) voltage.
This voltage monitor 40 is used to monitor the voltage level at
that component/device. Additionally, each component/device
includes its own switching voltage regulator (not shown). The
voltage regulators are able to reduce the incoming voltage to
a usable 3.3VDC. Due to the resistance of the wire feeding
each component/device, a voltage drop is occurs throughout
the branch. As the load increases (due to additional devices)
and the distance increases (as referenced from the source
power supply at the master interface 14) the voltage drop
increases.

The voltage drop phenomenon is used in two ways. First,
by monitoring the voltage level at each component/device it is
possible to determine the connection order of each of the
components/devices. This information is valuable to and is
presented/made available to the installer in a graphical format
at the lighting control server monitor. A further description of
how this is accomplished is described later. The installer can
use this information to aid in troubleshooting issues or to
determine where best to add a device on a particular branch.
Secondly, it is possible to determine where best to end the
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branch due to voltage drop or where to add a booster power
supply along an existing branch.

The voltage at each component/device is communicated
back to the server 12. The server 12 is able to use this infor-
mation and produce both the connection diagram along with
a graphical representation of the voltage level along the
branch. This is possible because the switching voltage regu-
lators are able to convert a wide operating range of voltages to
the desired/required output of 3.3VDC. Itis noted that there is
a lowest acceptable input voltage is typically about 4.5VDC
for each voltage regulator to be able to produce the 3.3VDC
output. Because the system is able to monitor the voltage
along the entire branch, from device to device, it possible to
graphically show the user, at the lighting control server, where
the voltage has dropped to a level below the 4.5VDC cutoff.

While this invention has been described as having an exem-
plary design, the present invention may be further modified
within the spirit and scope of this disclosure. This application
is therefore intended to cover any variations, uses, or adapta-
tions of the invention using its general principles.

What is claimed is:

1. A control system for controlling lights within buildings,
said control system comprising: a programmable lighting
control server adapted to interface with a user, said server
programmed to establish desired control commands, said
control commands selected from the group consisting of on,
off, dim, and brighten, said control commands adapted to be
responsive to user inputs and environment status information,
said environmental status information selected from the
group consisting of ambient light and room occupancy: a
master interface including at least one programmable micro-
controller connected to and communicating with said server;
means for communicating said environment status informa-
tion and said control commands between said master inter-
face and said server, said master interface connected to and
adapted to communicate through a primary communication
link; a configurable input device, said configurable input
device selected from the group consisting of a configurable
touch screen LCD switch, occupancy sensors, and ambient
light sensors, said configurable input device comprising a
programmable microcontroller connected to said primary
communication link and adapted to communicate with said
master interface, said configurable input device further com-
prising means for monitoring the environment status of a
building zone and establishing environment status informa-
tion, said configurable input device further comprising means
for communicating said environment status information
between said master interface and said configurable input
device through said primary link; a configurable output
device, said configurable output device selected from the
group consisting of relays and dimmers, said configurable
output device further comprising a programmable microcon-
troller connected to said primary communication link and
adapted to communicate with said master interface, said con-
figurable output device further adapted to control the light in
said zone in response to a control command, said control
command being communicated between said master inter-
face and said output device through said primary link; and
means to communicate said building zone environment status
information between said configurable input device and said
master interface and between said master interface and said
server, said server further adapted to establish a desired con-
trol command responsive to said environment status informa-
tion; and means to communicate said control command
between said server and said master interface and between
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said master interface and said configurable output device
whereby said light and said zone is controlled in response to
said control command.

2. The lighting control system of claim 1 wherein said
output device comprises:

an output interface having a programmable microcontrol-

ler connected to said primary communication link and
adapted to communicate with said master interface, said
control commands being communicated between said
output interface and said master interface through said
primary link; said output interface connected to and
adapted to communicate through a secondary commu-
nication link; one of a relay or dimmer device having a
programmable microcontroller connected to said sec-
ondary communication link and adapted to communi-
cate with said output interface, said one of a relay or
dimmer device being capable of controlling a light in
said zone in response to a control command, said control
command being communicated between said output
interface and said one of a relay or dimmer device
through said secondary link.

3. The lighting control system of claim 2 wherein said
output interface includes a touch screen LCD connected to
and being controlled by said output interface microcontroller
to display information about said one of a relay or dimmer,
touch screen input buttons and button descriptions, and
wherein said output interface microcontroller is capable of
monitoring the status of said input buttons status information
being communicated between said output interface and said
master interface through said primary link.

4. The lighting control system of claim 2 wherein said
output interface includes an LCD connected to and being
controlled by said output interface microcontroller to display
information about said one of a relay or dimmer, including
address information associated with said one of a relay or
dimmer.

5. The lighting control system of claim 4, wherein said
address information associated with said one of a relay of
dimmer is established and maintained by said server, said
address information being communicated between said
server and said master interface and between said master
interface and said output interface through said primary link.

6. The lighting control system of claim 2 wherein each of
said master interface, output interface and said one of a relay
or dimmer device are identified in the control system with a
unique address, said unique addresses being established and
maintained by said server and wherein unique addresses are
communicated between said server and said master interface,
between said master interface and said output interface
through said primary link and between said output interface
and said of a relay or dimmer device through said secondary
link.

7. The lighting control system of claim 1 wherein said input
device comprises: an input interface having a programmable
microcontroller connected to said primary communication
link and adapted to communicate with said master interface,
said environment status information being communicated
between said input interface and said master interface through
said primary link; said input interface connected to and
adapted to communicate through a secondary communica-
tion link; an ambient light and occupancy sensor device hav-
ing a programmable microcontroller connected to said sec-
ondary communication link and adapted to communicate
with said input interface, said sensor device being capable of
monitoring the ambient light and motion in said building zone
and establishing environment status information therefrom,



US 9,173,267 B2

31

said environment status information being communicated
between said input interface and said sensor device through
said secondary link.

8. The lighting control system of claim 7 wherein said input
interface includes a touch screen LCD connected to and being
controlled by said input interface microcontroller to display
information about said ambient light and occupancy sensor
device, touch screen input buttons and button descriptions,
and wherein said input interface microcontroller is capable of
monitoring the status of said input buttons and establishing
environment status information therefrom, said environment
status information being communicated between said input
interface and said master interface through said primary link.

9. The lighting control system of claim 7 wherein said input
interface includes an LCD connected to and being controlled
by said input interface microcontroller to display information
about said ambient light and occupancy sensor device,
including address information associated with said ambient
light and occupancy sensor device.

10. The lighting control system of claim 9, wherein said
address information associated with said ambient light and
occupancy sensor device is established and maintained by
said server, said address information being communicated
between said server and said master interface and between
said master interface and said output interface through said
primary link.

11. The lighting control system of claim 7 wherein each of
said master interface, input interface and said ambient light
and occupancy sensor device are identified in the control
system with a unique address, said unique addresses being
established and maintained by said server and wherein said
unique addresses are communicated between said server and
said master interface, between said master interface and said
input interface through said primary link and between said
input interface and said ambient light and occupancy sensor
device through said secondary link.

12. The lighting control system of claim 1 wherein said
input device comprises a smart switch having a program-
mable microcontroller connected to said primary communi-
cation link and adapted to communicate with said master
interface, said smart switch having a touch screen LCD con-
nected to and being controlled by said smart switch micro-
controller to display touch screen input buttons and button
descriptions, and wherein said smart switch microcontroller
is capable of monitoring the status of said input buttons and
establishing environment status information therefrom, said
environment status information being communicated
between said smart switch and said master interface through
said primary link.

13. The lighting control system of claim 12 wherein each of
said master interface and said smart switch are identified in
the control system with a unique address, said unique
addresses being established and maintained by said server
and wherein said unique addresses are communicated
between said server and said master interface and between
said master interface and said smart switch through said pri-
mary link.

10

15

20

25

30

35

40

45

50

55

32

14. The lighting control system of claim 1 wherein said
master interface includes a power source connected to and
providing power to each of said input device and output
device through said primary link in a daisy chain, wherein
each of said input device and output device include a voltage
monitor capable of monitoring the voltage level and wherein
each of said input and output devices monitors its voltage
monitor and establishes voltage level information, said volt-
age level information being communicated between said
input devices and said master interfaces through said primary
link and between said master interface and said server, and
wherein said server creates a graphical representation of the
location of said input and output devices by using said voltage
level information.

15. The lighting control system of claim 1 wherein each of
said master interface, input device and said output device are
identified in the control system with a unique address, said
unique addresses being established and maintained by said
server and wherein said unique addresses are communicated
between said server and said master interface and between
said master interface and said input and output devices
through said primary link.

16. The lighting control system of claim 15 wherein said
unique addresses are linked to a virtual graphical representa-
tion at said server, and said virtual graphical representations
are displayed on a monitor connected to said server.

17. The lighting control system of claim 15 wherein said
master interface includes a power source connected to and
providing power to each of said input device and output
device through said primary link in a daisy chain, wherein
each of said input device and output device include a voltage
monitor capable of monitoring the voltage level and wherein
each of said input and output devices monitors its voltage
monitor and establishes voltage level information, said volt-
age level information being communicated between said
input devices and said master interfaces through said primary
link and between said master interface and said server, and
wherein said server creates a graphical representation of the
location of said input and output devices by using said voltage
level information and said unique addresses of said input and
output devices.

18. The lighting control system of claim 1 wherein said
connection and communication between said master inter-
face and said server is via an Ethernet TCP/IP protocols.

19. The lighting control system of claim 1 wherein said
primary link connection and communication between said
master interface and said input output devices is via an
RS-485 multi drop addressable protocol.

20. The lighting control system of claim 1 wherein said
master interface includes an Ethernet microcontroller and a
master microcontroller connected and communicating with
each other through a dedicated serial communication link,
said Ethernet microcontroller being connected to and com-
municating with said server through an Ethernet TCP/IP pro-
tocol link and said master microcontroller being connected to
and communicating with said input and output devices
through said primary communication link.
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